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This  work  is  presented  to  the  Marine  Engi- 
neers of  the  United  States  by  one  of  their  own 
number,  who  trusts  that  its  use  will  be  produc- 
tive of  satisfactory  results. 

The  writer  has  endeavored  to  prepare  a  clear, 
concise,  and  thoroughly  practical  work;  to  treat 
each  subject  in  as  brief  and  concise  a  manner  as 
possible,  and  yet  preserve  that  clearness  and 
fullness  of  statement  so  desirable,  and  even  in- 
dispensable, in  a  text-book. 

To  secure  this  end,  he  has  limited  himself  to 
statements  of  the  essential  facts  and  principles, 
excluding  all  unimportant  details  and  avoiding 
all  lengthy  descriptions. 

It  was  deemed  advisable  not  to  swell  the  vol- 
ume to  an  inconvenient  size  by  the  insertion  of 
obsolete  matter,  as  it  would  only  have  increased 
its  cost  without  increasing  its  value. 

Marine  Engineers  should  ever  bear  in  mind 
that  Marine  Engineering  is  rapidly  progressive, 
and  tha{  ''we  must,  in  this  world,  learn  a  good 
deal  from  the  experiences  of  others.  It  will  be 
a  mighty  small  world  that  a  man  is  introduced 
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VI  PREFACE. 

to  by  his  own  experience."  And  therefore,  if 
he  wishes  to  ''keep  up  with  the  procession,"  or, 
in  other  words,  to  keep  himself  posted  as  to  the 
almost  daily  improvements  that  are  being  made 
in  marine  engines,  boilers,  etc.,  he  must  devote 
his  leisure  hours  to  study. 

The  writer  is  aware  of  the  limited  time  any 
engineer  has  to  read  and  study.  His  daily  duties 
frequently  draw  heavily  on  his  physical  and 
mental  strength,  and  if  he  is  to  learn  about  what 
is  going  on  in  his  own  special  line  of  occupation, 
he  has  to  have  the  information  presented  in  as 
clear  and  as  comprehensive  a  manner  as  possible. 
If  he  has  to  study  up  something  first,  before  he 
can  understand  what  is  written  for  his  special 
benefit,  very  likely  it  will  not  receive  any  atten- 
tion, but  be  cast  to  one  side  as  too  difficult  for 
him  to  understand,  and  requiring  too  much 
time  to  unravel  its  meaning. 

Besides  the  vast  advantages  which  a  sufficient 
knowledge  of  mathematics  and  a  facility  in 
drawing  give  the  intelligent  inventive  engineer 
over  the  mere  workman,  the  former  generally 
has  another  advantage,  almost  as  great,  in  know- 
ing what  has  been  done  in  the  world.  While 
the  unlearned  engineer  knows  only  what  has 
been  done  in  his  neighborhood,  and  despises 
whatever  is  in  books  or  mechanical  journals, 
the  intelligent  engineer,  by  books  and  journals, 
learns  what  has  been  done  in  all  countries  that 
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are  so  far  civilized  as  to  have  engineering  publi- 
cations ;  and  when  he  is  planning  new  work,  he 
has  in  his  mind  all  the  resources  of  the  world, 
in  addition  to  the  scanty  resources  of  local 
practice. 

Practice,  to  a  great  extent,  at  least  great 
enough  to  understand  it,  is  necessary  for  an 
engineer ;  but  practice  to  this  extent  is  soon 
acquired  ;  a  young  man  from  a  good  school  or 
college,  where  he  has  been  well  grounded  in 
theory,  will  in  a  year's  apprenticeship,  under  a 
good  foreman,  become  a  better  engineer  than 
if  he  had  spent  in  the  shop  the  time  he  spent 
in  the  schools.  Practice  can  be  acquired  at  any 
time  ;  but  theory,  if  not  acquired  at  the  outset, 
will  rarely  uproot  the  bad  mental  habits  that 
grow  up  in  uncultivated  minds. 

It  IS  gratifying  to  know  of  the  eflForts  to  gain 
knowledge  that  are  now  being  made  in  the 
assembly  rooms  of  the  numerous  councils  of 
the  M.  E.  B.  A.,  and  it  is  also  gratifying  to 
learn  of  the  appreciation  with  which  engineer- 
ing journals  are  now  received,  not  only  by  the 
constructing  engineers,  but  by  the  intelligent, 
energetic  and  practical  Marine  Engineers  who 
carefully  peruse  them. 

•  Of  the  many  American  publications  devoted 
to  steam  engineering  now  published  in  this 
country,  **The  American  Machinist,"  *'The 
Engineer,"  and  '* The  American  Shipbuilder," 
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all  of  New  York  ;  **The  American  Engineer,'* 
of  Chicago;  ''The  Western  Machinist,"  of 
Cleveland,  O. ;  and  ''Mechanics,"  Philadelphia, 
Pa.,  are  worthy  of  the  support  of  every  Ameri- 
can Marine  Engineer  who  wishes  to  keep  in 
touch  with  the  times. 

The  writer  herewith  tenders  his  best  thanks 
to  his  friends,  Prof.  T.  M.  Goodeve ;  A.  E.  See- 
ton,  M.  I.  N.  A.,  the  author  of  that  most  masterly 
work  "A  Manual  of  Marine  Engineering;" 
Engineer-in-Chief  Geo.  W.  Melville,  U.  S. 
Navy ;  Prof.  R.  H.  Thurston,  Ph.  D. ;  Frank  C. 
Smith,  M.  E. ;  Jos.  R.  Oldham,  N.  A. ;  Prof.  J.  A. 
Whitman,  M.  E. ;  Prof.  W.  Thorn,  M.  E.  N.  A. ; 
the  "Journal  of  Commerce,"  of  Boston,  and 
also  to  the  enterprising  publishers,  for  much  val- 
uable data  and  assistance  in  th^  preparation  of 
these  pages. 

As  this  book  is  intended  as  a  supplement  to 
his  "Catechism  of  the  Marine  Steam  Engine," 
the  writer  desires  to  call  the  particular  attention 
of  young  Marine  Engineers  and  firemen  to  that 
work. 

The  Author. 

Baltimore^  Md.^June  i^th^  tSqt. 
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INTRODUCTION. 


As  this  book  may  fall  into  the  hands  of  some 
young  beginner  or  student  who  is  taking  his 
first  lessons  in  steam  engineering,  the  Author 
believes  it  advisable  to  devote  this  Introduction 
to  a  little  elementary  instruction  for  the  purpose 
of  aiding  such  a  learner  to  grapple  successfully 
with  the  succeeding  chapters. 

For  this  purpose  he  gives  two  working  draw- 
ings of  a  modem  American  triple  expansion 
marine  engine,  showing  the  various  parts  with 
all  necessary  fulness,  with  the  dimensions  of  the 
principal  ones.     (See  Figs,  i  and  2.) 

A  shows  the  High  Pressure  Cylinder. 


B 

Intermediate  Pressure  Cylinder. 

C 

Low  Pressure  Cylinder. 

D 

Pistons. 

E 

Cylinder  Heads  or  Covers. 

F 

Piston  Valves  of  the  H.  P.  and 
I.  P.  Cylinders. 

G 

Slide  Valve  of  the  ly.  P.  Cylindei; 

H 

Steam  Ports. 

I 

Exhaust  Ports. 

J 

Piston  Rods. 
(25) 
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-AT  shows  the  Valve  stems. 

L  ''        lyink. 

M        **        Eccentric  Rods. 

N        **        Eccentrics. 

O         ''        Portion  of  Shaft 

P         **        Connecting  Rods. 

Q         *'         Cranks. 

7?  **         Bed  Plate. 

5  *'        Stuffing  Boxes. 

T         ''        Steam  Chest. 

U         ''        Starting  Gear. 

F         '*        Guide  Block  and  Cross  Head. 

IV        ''        Slide. 

X         **         Receivers. 

Y         ''        Cylinder  Bottom. 

Z  **        Pillow  Blocks  and  Brasses. 

The  student  will  find  the  uses  of  the  various 
parts  illustrated  and  described  in  the  succeeding 
chapters. 

Nearly  all  beginners  and  not  a  few  of  the 
older  engineers  who  have  had  no  experience 
with  triple  expansion  engines  either  in  their 
construction  or  management,  seem  to  think 
there  is  something  mysterious  about  them  which 
only  an  expert  can  properly  understand.  Now 
if  the  student  will  look  at  a  triple  expansion  as 
simply  a  combination  of  three  separate  and  in- 
dependent engines  working  side  by  side,  the 
difficulty  will  vanish  at  once. 

The  operation  of  the  steam  is  as  follows:  The 
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steam*  from  the  boilers  having  been  admitted  by 
the  valve  to  the  High  Pressure  Cylinder  and 
done  its  work,  instead  of  being  exhausted  into 
the  atmosphere  as  in  case  of  a  non-condensing 
engine,  or  at  once  into  the  condenser  as  in  the 
case  of  a  single  cylinder  condensing  engine — 
passes  into  a  space  between  the  High  Pressure 
Cylinder  and  the  Intermediate  Cylinder.  This 
space  is  called  a  "Receiver,"  and  acts  as  a  steam 
reservoir  for  the  Intermediate  Cylinder,  and  from 
which  it  gets  its  steam.  The  steam  is  now  at  a 
greatly  reduced  pressure,  and  the  diameter  of 
the  I.  P.  Cylinder  is  correspondingly  increased 
to  compensate  for  the  reduced  pressure.  The 
steam  now  passes  into  the  Intermediate  Cylin- 
der, does  its  work  there,  and  is  in  turn  ex- 
hausted into  another  Receiver,  which  is  between 
it  and  the  Low  Pressure  Cylinder.  Again  the 
steam  is  at  a  much  greater  reduced  pressure, 
and  it  will  be  noticed  that  the  diameter  of  the 
ly.  P.  Cylinder  is  greatly  increased  to  make  up 
for  this  loss  of  pressure.  From  this  second  Re- 
ceiver the  steam  enters  the  Low  Pressure  Cyl- 
inder, does  its  work  there,  and  is  then  in  turn 
exhausted  into  the  condenser  in  which  it  is  con- 
densed (turned  into  water  again)  which  forms  a 
vacuum  in  the  condenser  and  on  the  exhaust 
side  of  the  low  pressure  piston.  By  this  means 
the  atmospheric  pressure  is  got  rid  of,  and  as  a 
reduction  of  pressure  on  one  side  is  equivalent 
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to  an  increase  of  pressure  on  the  other,  we  gain 
about  12  pounds  pressure,  in  practice — the  vac- 
uum not  being  a  perfect  one:  about  28  inches. 

The  air-pump  removes  the  condensing  water, 
with  its  uncondensed  vapor,  air — ^and  keeps  a 
partial  vacuum  constantly  in  the  condenser 
while  the  engine  is  in  operation. 


CHAPTER  I. 

THE  THEORY  OF  THE  STEAM  ENGINE. 

For  many  years  engineers  cared  nothing 
about  the  theory  of  the  steam  engine.  They 
went  on  improving  and  developing  it  without 
any  assistance  from  men  of  pure  science.  In- 
deed it  may  be  said  with  truth  that  the  greatest 
improvement  ever  effected — the  introduction  of 
the  compound  engine — ^was  made  in  spite  of  the 
physicist,  who  always  asserted  that  nothing  in 
the  way  of  economy  of  fuel  was  to  be  gained  by 
having  two  cylinders  instead  of  one.  In  like 
manner,  the  mathematical  theorist  was  content 
to  make  certain  thermo-dynamic  assumptions, 
and,  reasoning  from  them,  to,  construct  a  theory 
of  the  steam  engine,  without  troubling  his  head 
to  consider  whether  his  theory  was  or  was  not 
consistent  with  practice.  Within  the  last  few 
years,  however,  the  theorist  and  the  engineer 
have  come  a  good  deal  into  contact,  and  the  for- 
mer begins  at  last  to  see  that  the  theory  of  the 
steam  engine  as  laid  down  by  Rankine,  Clausius, 
and  other  writers,  must  be  deeply  modified,  if  not 
entirely  re-written,  before  it  can  be  made  to  ap- 
ply in  practice.     We  have  recently  shown  what 

(29) 
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M.  Him,  who  combines  in  himself  practical 
and  theoretical  knowledge  in  an  unusual  degree, 
has  had  to  say  concerning  the  received  theory 
of  the  steam  engine,  and  its  utter  inutility  for 
practical  purposes;  and  papers  recently  read  be- 
fore the  Institutions  of  Mechanical  and  Civil 
Engineers,  and  the  discussions  which  followed 
them,  have  done  something  to  convince  mathe- 
maticians that  they  have  a  good  deal  yet  to 
learn  about  the  laws  which  determine  the  effi- 
ciency of  a  steam  engine.  It  has  always  been 
the  custom  to  class  the  steam  engine  with  other 
heat  engines.  It  is  now  known  that  nothing 
can  be  more  erroneous.  The  steam  engine  is  a 
heat  engine  sui  generis^  and  to  confound  it  with 
a  hot-air  engine,  or  any  motor  working  with  a 
non-condensible  fluid,  is  a  grave  mistake.  It  is 
not  too  much  to  say  that  many  engineers  now 
understand  the  mathematical  theory  of  the  steam 
engine  better  than  do  men  making  thermo- 
dynamics a  special  study.  But  there  remains  a 
large  number  of  engineers  who  do  not  as  yet 
quite  see  their  way  out  of  certain  things  which 
puzzle  them,  or  which  they  fail  to  understand. 
There  are,  indeed,  phenomena  attending  the  use 
of  steam  which  are  not  yet  quite  comprehended 
by  any  one,  and  we  may  be  excused  if  we  say 
something  about  one  or  two  points  which  re- 
quire elucidation. 

One  of  these  is  the  mode  of  operation  of  the 


THEORY  OF  THE  STEAM   ENGINE.  3I 

steam  jacket.  It  is  a  very  crude  statement  that 
it  does  good  because  it  keeps  the  cylinder  hot 
It  might  keep  the  cylinder  hot,  and  yet  be  a 
source  of  loss  rather  than  gain;  and,  as  a  matter 
of  fact,  it  is  doubtful  now  if  the  application  of 
steam  jackets  to  all  the  cylinders  of  a  compound 
engine  is  advisable.  It  is  well  known,  too,  that 
circumstances  may  arise  under  which  the  jacket 
is  powerless  for  good.  Thus,  for  example,  the 
late  Mr.  Alfred  Barrett,  when  manager  of  the 
Reading  Iron  Works,  carried  out  a  very  interest- 
ing series  of  experiments  with  a  horizontal  en- 
gine,  in  order  to  test  the  value  of  the  jacket 
This  engine  had  a  single  cylinder  fitted  with  a 
very  thin  wrought-iron  liner,  between  which 
and  the  cylinder  was  the  jacket  space.  The 
jacket  was  very  carefully  drained,  and  could  be 
used  either  with  steam  or  air  in  it.  Experi- 
ments were  made  on  the  brake  with  and  without 
steam  in  the  jacket  The  result  was  a  practi- 
cally infinitesimal  gain  by  using  steam  in  the 
jacket.  In  one  word,  the  loss  by  condensation 
was  transferred  from  the  cylinder  to  the  jacket. 
On  the  other  hand,  it  is  well  known  that  sin- 
gle cylinder  condensing  engines  must  be  steam 
jacketed  if  they  are  to  be  fairly  economical. 
Circumstances  alter  cases,  and  the  circumstances 
which  attend  the  use  of  jackets  are  more  com- 
plex than  appears  at  first  sight 
la  considering  the  nature  of  the  work  to  be 
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done,  we  must  repeat  a  fundamental  truth  which 
was  first  enunciated  by  '*The  Engineer"  (Eng- 
lish). A  steam  engine  can  discharge  no  water 
from  it  which  it  did  not  receive  as  water,  save 
the  small  quantity  which  results  from  loss  by 
external  radiation  and  conduction  from  the  cyl- 
inder, and  from  the  performance  of  work.  At 
first  sight  the  proposition  looks  as  though  it 
were  untrue.  Its  accuracy  will,  however,  be- 
come clear  when  it  is  carefully  considered. 
After  the  engine  has  become  fully  warmed  up, 
the  cycle  of  events  is  this :  Steam  is  admitted 
to  the  cylinder  from  the  boiler.  A  portion  of 
this  is  condensed.  It  parts  with  its  heat  to  the 
metal  with  which  it  is  in  contact.  The  piston 
makes  its  stroke,  and  the  pressure  falls.  The 
water  mixed  with  the  steam  is  then  too  hot  for 
the  pressure.  It  boils  and  produces  steam,  rais- 
ing the  toe  of  the  diagram  in  a  way  well  under- 
stood and  needing  no  explanation  here.  During 
the  return  stroke  the  pressure  falls  to  its  lowest 
point,  and  the  water  being  again  too  hot  for  the 
pressure,  boils,  and  is  converted  into  steam, 
which  escapes  to  the  atmosphere  or  condenser 
without  doing  work,  and  is  wasted.  The  metal 
of  the  cylinder,  etc. ,  falls  to  the  same  temperature 
as  the  water.  At  the  next  stroke  the  entering 
steam  finds  cool  metal  to  come  into  contact  with, 
and  is  condensed,  as  we  have  said,  and  so  on. 
But  the  quantity  condensed  during  the  steam 
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stroke  is  precisely  equal  to  that  evaporated  dur- 
ing the  exhaust  stroke,  and  consequently  no 
condensed  steam  can  leave  the  engine  as  water. 
Let  us  suppose  for  the  sake  of  argument, 
however,  that  an  engine  using  20  lbs.  of  100 
lbs.  steam  per  horse  per  hour  discharges  2  lbs. 
of  water  per  horse  per  hour.  As  each  of  these 
brought,  in  round  numbers,  1185  thermal  units 
into  the  engine  and  takes  away  only  212  units, 
it  is  clear  that  each  pound  must  leave  behind  it 
973  units;  consequently  the  cylinder  will  be 
hotter  at  the  end  of  each  revolution  than  it  was 
at  the  beginning,  and  the  process  would  go  on 
until  condensation  must  entirely  cease.  It  will 
be  urged,  however,  that  a  steam  jacket  certainly 
does  discharge  water,  and  that  in  considerable 
quantity,  which  it  did  not  receive;  and  as  this  is 
apparently  indisputable,  we  are  here  face  to  face 
with  one  of  the  puzzles  to  which  we  have  re- 
ferred. The  fact,  however,  is  in  no  wise  incon- 
sistent with  that  advanced.  If  an  engine  with 
an  unjacketed  cylinder  regularly  receives  water 
from  the  boiler,  that  engine  will  discharge  pre- 
cisely an  equal  weight  of  water.  The  liquid 
will  pass  away  in  suspension  in  the  exhaust 
steam.  The  engine  has  no  power  whatever  of 
converting  it  into  steam.  The  case  of  a  jack- 
eted engine  is  different.  Such  an  engine  will 
evaporate  in  the  cylinder  water  received  with 
the  steam,  but  it  can  only  do  so  at  the  expense 
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of  the  steam  contained  in  the  jacket.  For  every 
I  lb.  of  water  boiled  away  in  the  cylinder  i  lb. 
of  steam  is  condensed  in  the  jacket;  and  the 
corollary  is  that  if  an  engine  was  supplied  with 
perfectly  dry  steam  there  would  be  no  steam 
condensed  in  the  jacket,  save  that  required  to 
meet  the  loss  due  to  radiation  and  the  conversion 
of  heat  into  work.  The  effect  of  the  jacket  will 
be  to  boil  a  portion  of  the  water  during  the  close 
of  the  stroke,  and  so  to  keep  up  the  toe  of  the 
diagram,  and  so  get  more  work  out  of  the  steam. 
If,  however,  the  steam  was  delivered  wet  to  the 
engine,  it  is  very  doubtful  if  the  jacket  could  be 
productive  of  much  economy.  The  water  would 
be  converted  into  steam  during  the  exhaust 
stroke,  and  no  equivalent  would  be  obtained  for 
the  steam  lost  in  the  jacket. 

In  a  good  condensing  engine,  about  3  lbs.  of 
steam  per  horse  per  hour  are  condensed  in  the 
jacket.  The  cylinder  will  use,  say,  15  lbs.  of 
steam,  so  the  total  consumption  is  18  lbs.  per 
horse  per  hour.  It  is  none  the  less  a  fact, 
although  it  is  not  generally  known,  that  the 
average  marine  boiler  sends  over  about  8  per 
cent,  of  water  in  the  form  of  insensible  priming 
with  the  steam.  Now,  8  per  cent,  of  18  lbs.  is 
1.44  lbs.,  so  that  in  this  way  we  have  nearly 
one-half  the  jacket  condensation  accounted  for 
as  just  explained.  One  horse-power  represents 
2562   thermal  units  expended  per  hour,  or  say 
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2.6  lbs.  of  steam  of  loo  lbs.  pressure  condensed 
to  less  than  atmospheric  pressure;  and  1.44+2.60 
=4.04  lbs.  per  hoise  per  hour,  as  the  necessary 
jacket  condensation  if  no  water  is  to  be  found 
in  the  working  cylinder  at  the  end  of  each 
stroke.  That  this  quantity  is  not  condensed 
only  proves  that  the  water  received  from  the 
boiler,  or  resulting  from  the  performance  of 
work,  is  not  all  re-evaporated. 

Something  still  remains  to  be  written  about 
the  true  action  of  the  steam  jacket,  but  this  we 
must  reserve  for  another  chapter.  We  have 
said  enough,  we  think,  to  show  that,  as  we  have 
stated,  the  jacket  has  more  to  do  than  to  keep 
the  cylinder  hot  With  jacketed  engines,  more 
than  any  other,  it  is  essential  that  the  the  steam 
should  be  dry.  In  the  case  of  an  unjacketed 
engine,  water  supplied  from  the  boiler  will  pass 
through  the  engine  as  water,  and  do  little  hann; 
but  if  the  engine  is  jacketed,  then  the  whole, 
or  a  part  of  this  water,  will  be  converted  into 
steam,  especially  during  the  period  of  exhaust, 
when  it  can  do  no  more  good  than  if  it  were 
boiled  away  in  a  pot  in  the  engine  room.  This 
is  the  principal  reason  why  such  conflicting 
opinions  are  expressed  concerning  the  value  of 
jackets.  That  depends  principally  on  the  mer- 
its of  the  boiler. 
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COMPOUND,  TRIPLE  EXPANSION  AND  QUAD- 
RUPLE EXPANSION  ENGINES. 

Cylinder  Condensation  and  Re-evaporation, — 
The  method  of  variation  of  this  waste  was 
qualitatively  determined  by  Clarke  about  1850; 
was  roughly  gauged  by  him,  both  as  to  magni- 
tude and  as  to  its  effect  in  limiting  the  ratio  of 
expansion;  was  quantitatively  investigated  by 
Hirn  and  Isherwood  afterward,  and  was  finally 
made  the  subject  of  an  investigation  by  Messrs. 
Gately  and  Kletsch,  in  which  it  was  endeavored 
to  ascertain  with  some  degree  of  accuracy  the 
method  of  the  variation  of  the  waste  with  varia- 
tion of  each  of  the  essential  conditions  affecting 
and  determining  it.  The  result  of  the  research 
in  brief  was  to  show  that  the  waste  varied,  in 
the  cases  studied,  sensibly  as  the  square  root  of 
the  expansion  and  as  the  time  of  exposure,  and 
was  subject  to  a  very  slow  decrease  as  the  press- 
ure adopted  increased,  the  engine  being  worked 
condensing;  decreasing  about  twice  as  rapidly, 
the  condenser  being  thrown  off. 

Variation  with  ratio  of  expansion  was  also 
capable  of  being  expressed  with  great  accuracy 
by  an  hyperbolic  expression,  the  product  of  areas 
of  surface  exposed  up  to  the  point  of  cut-off  and 
the  percentage  of  condensation  being  found  sen- 
sibly constant.  Under  ordinary  working  con- 
ditions, the  steam  pressure  being  about  sixty 
pounds  per  square  inch,  by  gauge,  the  cut  off  at 
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one-third,  and  the  speed  of  piston  554  feet  per 
minute,  and  of  rotation  sixty-eight  revolutions, 
the  condensation  was  about  one-third,  or  the 
equivalent  of  fifty  per  cent,  of  the  total  con- 
sumption of  a  similar  engine  having  a  non-con- 
ducting cylinder,  and  thus  free  from  this  waste. 
Reduced  to  quantity  of  steam  and  of  heat 
wasted,  per  square  foot  of  surface  exposed  to 
point  of  cut  off,  per  minute  of  exposure,  and  per 
degree  of  range  of  temperature  between  prime 
and  exhaust  steam.  Professor  Marks  finds  the 
co-efficient  to  be  .02  pounds,  or  18  B.  T.  U., 
nearly,  a  result  closely  confirmed  by  the  investi- 
gations of  the  same  author,  taking  HilPs  experi- 
ments for  comparison,  and  also  corroborated  by 
the  later  work  of  other  investigators. 

These  facts  and  laws  being  established,  it  be- 
comes possible  to  determine  the  behavior  of 
steam  entering  any  given  cylinder,  and  its 
method  of  working  and  of  waste  in  any  engine. 
Common  experience,  as  well  as  theoretical  con- 
siderations based  upon  the  investigations  already 
made,  proves  that  it  is  impossible  to  expand 
steam  in  the  ordinary  single-cylinder  engine 
with  satisfactory  gain  of  efficiency,  beyond  a 
point  variable  with  the  conditions  assumed,  but 
which  may  be  roughly  taken  as  not  far  from 
that  giving  a  ratio  of  expansion  equal  to  about 
one-half  the  square  root  of  the  steam  pressure, 

measured  from  vacuum  for  the  condensing  engine 
4 
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of  common  type,  or  as  measured  by  gauge  for 
the  non-condensing  engine.  The  waste  by  in- 
ternal condensation  increasing  as  the  point  of 
cut  oflF  is  shortened  up,  the  loss,  after  a  time, 
compensates  the  gain  by  increased  expansion, 
and  a  point  of  maximum  economy  is  passed  at  a 
very  early  stage  for  the  older  types  of  engine 
and  later,  but  still  at  a  comparatively  low  value 
of  the  ratio  of  expansion,  for  modem  engines. 
For  example,  the  old  beam  engine,  such  as  was 
and  is  still  used  on  American  rivers,  or  in  the 
lake  trade,  with  steam  at  twenty-five  pounds  by 
gauge  and  a  low  piston  speed,  had  a  ratio  of  ini- 
tial to  back  pressure  plus  friction  of  about  8  to 
i;  but  its  best  ratio  of  expansion  for  efficiency 
of  fluid  was  about  2  or  2^.  The  same  tj'pe  of 
engine,  with  twice  the  pressure  per  gauge,  has 
values  of  these  two  ratios  of  about  16  and  4  or  5 
respectively.  The  ratio  of  expansion  for  maxi- 
mum efficiency  of  working  fluid  was  thus  but 
about  one-fourth  that  which  thermo-dynamic 
theory  unqualified,  would  dictate.  As  engines 
have  been  improved  this  discrepancy  has  been 
reduced,  but  it  still  remains,  with  the  best  of 
engines,  considerable. 

The  amelioration  of  waste  thus  becomes  an 
important  matter.  It  thus  happens  that  the 
efficiency  and  economy  of  operation  of  the  single 
cylinder,  the  *' simple"  engine,  is  at  all  times 
limited  by  this  very  serious  internal  waste;  and 
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the  question  which  all  engineers  since  Watt 
have  been  endeavoring  to  solve,  is:  In  what 
manner  may  we  best  proceed  to  eliminate  or 
ameliorate  this  loss?  Three  methods  which 
have  been  found  advantageous,  and,  in  special 
cases,  fairly  eflFective,  are: 
(i)  Superheating; 

(2)  Steam  jacketing; 

(3)  *' Compounding, " 

It  is  evident  that,  if  the  steam  can  be  intro- 
duced into  the  engine  at  such  a  temperature  that 
the  cooling  action  of  the  metal  of  the  cylinder 
will  not  cause  its  condensation  initially,  and  the 
stroke  may  be  performed  without  condensation 
in  consequence  of  doing  work,  no  loss  of  heat 
from  the  cylinder  can  take  place  by  re-evapora- 
tipn;  and  if  no  such  loss  occurs,  the  waste  of 
heat  at  entrance,  in  turn,  by  initial  cooling,  will 
be  reduced.  Super-heated  steam,  also,  is  a  non- 
conductor and  a  non-absorbent  of  heat,  precisely 
like  the  permanent  gases.  It  is  thus,  also,  less 
liable  to  waste.  But  it  is  found  in  practice  that 
superheating  beyond  a  moderate  degree,  perhaps 
100  degrees  Fahrenheit,  is  inadvisable  on  ac- 
count of  risks  to  engines,  and  co^t  of  repairs  to 
superheater,  which  more  than  compensate  its 
advantages.  It  has  come  to  be  regarded  as  an 
auxiliary  in  economizing,  not  as  a  remedy  for 
interior  wastes. 

Steam  jacketing  is  another  and  common  par- 
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tial  remedy  for  the  waste.  By  surrounding  the 
steam  cylinder  with  the  steam  jacket,  it  is  pos- 
sible to  produce,  in  part,  the  effect  of  superheat- 
ing; that  is,  to  secure  dryer  steam  in  the  engine 
throughout  the  stroke.  The  amount  of  re-evap- 
oration, during  the  period  succeeding  cut  oflf  and 
up  to  the  closure  of  the  exhaust  valve,  and  the 
quantity  of  heat  of  which  the  cylinder  is  thus 
robbed,  measures  the  amount  of  initial  conden- 
sation and  waste,  and  the  weight  of  steam  which 
must  be  supplied  in  excess  of  the  thermo-dyna- 
mic  demand  to  compensate  that  loss.  The  eflfect 
of  the  addition  of  a  steam  jacket  depends  upon 
the  conditions  of  operation  of  the  engines, 
largely,  and  may  be  productive  of  marked  ad- 
vantage, or,  under  unfavorable  conditions,  of  no 
important  useful  effect.  With  steam  initially 
dry  or  superheated,  the  jacket  is  probably  always 
decidedly  helpful;  but  with  wet  steam  it  is  of 
comparatively  little  value,  even  if  not  sometimes 
a  positively  wasteful  adjunct.  High-speed  en- 
gines derive  less  advantage  from  its  application 
than  slow-moving  engines;  and  compound  or 
multiple  cylinder  engines  are  less  dependent 
upon  it  for  economy  than  are  simple  engines. 
The  saving  effected  in  ordinary  cases,  by  its  use, 
may  be  taken  as  averaging  about  20  per  cent ; 
and  about  the  same  gain  is  attained  by  effective 
superheating  within  the  usually  practicable 
range.     The  two  devices  in  conjunction  may  be 
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expected  ordinarily  in  marine  engines,  perhaps, 
to  ^ive  a  gain  of  something  like  30  per  cent,  as 
compared  with  the  standard  forms  of  unjacketed 
simple  engine  working  with  slightly  wet  steam. 
The  addition  of  either  expedient  to  the  latter 
practice,  if  properly  performed,  considerably  in- 
creases the  magnitude  of  the  ratio  of  expansion 
at  maximum  eflSciency  of  fluid.  Where  it  would 
ordinarily  be  approximately  equal  to  one-half 
the  square  root  of  the  pressure,  as  above,  it 
might  become,  with  superheating  or  with  steam 
jacketing,  a  figure  as  much  as  30  or  40  per  cent, 
higher;  and  both  expedients  together  might 
nearly  double  the  profitable  ratio  of  expansion. 
The  assumption  is  commonly  made  that  the 
superheating  is  retained  throughout  the  stroke 
and  that  steam  jacketing  may  be  relied  upon  to 
keep  the  working  charge  dry  and  saturated 
throughout  the  stroke;  but  neither  of  these 
hypotheses,  as  employed  in  the  theory  of  the 
engines,  is  practically  correct. 

** Compounding,"  or  the  use  of  the  multi- 
cylinder  engine,  in  which  the  steam  exhausted 
from  one  cylinder  is  again  worked  in  a  succeed- 
ing one,  is  the  most  familiar  of  devices  for  ex- 
tending the  economical  range  of  expansion  and 
increasing  the  efficiency  of  the  engine.  The 
limit  to  the  useful  extension  of  the  expansion 
of  steam  in  a  single  cylinder  is  found  to  be  de- 
termined by  the  magnitude  of  the  wastes  in- 
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curred  in  the  operation  of  an  engine  of  which 
the  working  cylinder  is  a  good  conducting  ma- 
terial. Any  method  of  reducing  this  waste  of 
heat  internally  will  enable  the  eflSciency  of  the 
engine  to  be  increased  by  further  profitable  ex- 
tension of  the  ratio  of  expansion.  Common  ex- 
perience with  the  best  constructions,  and  con- 
siderations which  need  not  be  here  reviewed, 
shows  that  the  engineer  may  reasonably  expect, 
by  good  design,  construction  and  management,  | 

to  secure  an  economy  of  steam  which  is  fairly 
measured  by  the  following  table,  the  ratios  of 
expansion,   r,  taken  being,  for  each  case,  those  I 

which  give  best  results  for  a  given  engine: 

STEAM  PER  HORSE-POWER  PER  HOUR  AT  LEAST  RATIOS  OI^ 

EXPANSION  IN  BEST  ENGINES.  i 

I 

r       3      4      5      6      7      8    lo    12     15    20    25    50    75  i 

Lbs.  32  27  25  22  20  20  19  17  16  15  15  I.I  0.9 
Kgs.    15    12    II     II      9      9      9      8      7      7      7    05    04. 

and  ten  per  cent,  better  figures  than  these  have 
been  actually  reported  in  peculiarly  favorable 
cases. 

Assuming  it  to  be  possible  to  divide  the  waste 
by  cylinder  condensation  and  leakage  by  two  or 
more,  it  is  evident  that  the  limit  to  economical 
expansion  and  transformation  of  heat  into  work 
will  be  set  correspondingly  further  away.  This 
is  precisely  what  is  done  by  the  multi-cylinder 
engine.  The  internal  wastes  are  reduced  ap- 
proximately to  those  of  a  single  cylinder,  and 
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the  gross  percentage  of  waste  is  made  less  in  the 
proportion  of  this  division.  The  heat  and 
steam  rejected  as  waste  by  internal  transfer 
without  transformation  from  the  first  cylinder, 
are  utilized  in  the  second  nearly  as  eflfectively  as 
if  they  were  received  directly  from  a  boiler  at 
the  pressure  of  rejection  from  the  first  cylinder. 
In  so  much,  therefore,  as  the  pressure  can  be  in- 
creased and  the  increa3e  utilized  by  the  addition 
of  another  cylinder,  gain  is  secured.  If  the 
total  ratio  of  expansion  can  thus  be  raised, 
under  the  best  working  conditions  for  each 
case,  from,  we  will  say,  four  up  to  eight,  we 
should  hope  to  secure  a  reduction  of  coal  con- 
sumed from  two  and  a  half,  we  will  say,  to  two 
pounds  per  horse  power  and  per  hour,  which  is 
about  the  average  figure  in  good  practice. 

The  practical  questions  thus  meet  the  engi- 
neer: To  what  extent  can  this  principle  be 
availed  of?  What  range  of  pressure  and  what 
ratio  of  expansion  should  be  assigned  to  a  single 
cylinder?  and  how  many  cylinders  should  be 
adopted  to  give  the  best  results  with  the  highest 
steam  pressure  practicable  for  a  specified  case  ? 
Common  experience  aids  in  solving  this  prob- 
lem, by  showing  that  the  very  best  results  are 
ordinarily  obtained,  in  each  class  of  multi-cylin- 
der engines,  when,  the  engine  being  properly 
designed  for  its  work,  terminal  pressure  for  the 
system   can  be   economically  made  something 
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above  the  sum  of  back  pressure  in  the  low-pres- 
sure cylinder,  plus  friction  of  engine,  This 
total  may  usually  be  taken  probably  at  eight  or 
ten  pounds  above  vacuum.  The  latter  figure 
will  be  here  assumed. 

The  fundamental  principles  are  now  easily 
perceived.  There  are  three  main  facts  upon 
which  to  base  our  theory  of  the  multi-cylinder 
engine.     These  are: 

(i)  Economical  expansion  in  a  single  cylinder 
has  a  limit  due  to  increasing  internal  wastes, 
which  is  found  at  a  comparatively  low  ratio  of 
expansion. 

(3)  The  method  of  expansion  may  be,  for 
practical  purposes,  such  as  are  here  in  view, 
taken  to  be  approximately  hyperbolic;  the  ter- 
minal pressure  being  somewhat  above  that 
which  corresponds  to  the  sum  of  all  useless  re- 
sistances, and  which  may  be  here  taken,  as  for 
example,  about  ten  pounds  per  square  inch 
above  vacuum.  The  division  of  the  initial 
pressure  by  this  terminal  pressure  will  thus  give 
an  approximate  measure  of  the  desirable  ratio 
of  total  expansion  for  the  best  existing  engines. 

(3)  All  steam  entering  any  one  cylinder  will 
be  rejected,  as  steam,  into  the  succeeding  cylin- 
der, external  wastes  being  neglected,  and  into 
the  condenser;  and  the  full  amount  of  steam 
condensed  at  entrance  by  absorption  of  heat  by 
the  interior  surfaces  of  the  cylinder  will  be  re- 
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evaporated  later,  and  will  pass  into  the  condenser 
or  into  the  next  cylinder,  and  heat  transferred 
in  the  one  direction,  in  the  one  process,  will  be 
transferred  in  precisely  equal  amonnt  in  the 
opposite  direction  in  the  other. 

The  last  point  is  a  very  important  one,  and  it 
is  very  easily  established.  The  cylinder,  when 
in  steady  operation,  is  neither  permanently 
heated  nor  permanently  cooled;  no  progressive 
heating  can  go  on,  as  it  would,  in  that  case, 
become  heated  above  the  temperature  of  the 
steam  and  become  a  super-heater;  no  progressive 
cooling  can  occur,  since  in  that  case  the  cylin- 
der would  become  a  condenser  of  indefinite 
capacity.  It  must,  therefore,  transfer  to  the 
next  element  of  the  system  all  the  heat  which 
it  receives,  assuming  that  external  radiation  and 
conduction  may  be  neglected,  and  that  the  Ran- 
kine  and  Clausius  phenomenon  of  internal  con- 
densation, by  transformation  of  heat  into  work, 
is  ignored.  It  also  further  follows  that  the  in- 
troduction of  one  or  of  many  cylinders  between 
the  terminal  element  and  the  boiler  does  not, 
through  cylinder  condensation,  aflFect  the  opera- 
tion of  the  latter  cylinder,  however  great  that 
condensation  may  be,  provided  the  operation  of 
the  added  elements  is  effected  by  raising  the 
steam  pressure  commensurately,  leaving  the 
final  element  of  the  series  the  same  initial  pres- 
sure as  before.     The  total  waste  by  this  form  of 


46        THE  AMERICAN  MARINE  ENGINEER. 

loss  is  thus  evidently  measured,  in  the  case  of 
the  multi-cylinder  engine,  by  the  maximum 
waste  in  any  one  cylinder.  If  all  are  equally 
subject  to  this  loss,  the  rejected  steam  of  re- 
evaporation  from  any  one  cylinder,  supplies  pre- 
cisely what  is  needed  to  nieet  the  waste  by  initial 
condensation  in  the  next;  and  so  on  through  the 
series.  Thus  the  use  of  a  series  of  cylinders,  in 
this  manner,  divides  the  total  waste  for  a  single 
cylinder,  approximately  at  least,  by  the  number 
of  cylinders;  and  it  is  in  this  manner  that  the 
compound  system  gives  its  remarkable  increase 
of  efiiciency.  As  stated  by  the  writer,*  many 
years  ago,  *'The  serious  losses  arising  from  con- 
densation and  re-evaporation  within  the  cylin- 
der, and  which  place  an  early  limit  to  the  benefit 
derivable  from  expansion,  aflfect  both  types  of 
engine,  and  so  far  as  seems  now  known, 
equally;"  but  the  modern  type  permits  the  in- 
terception of  the  heat  wasted  from  one  cylinder, 
for  utilization  by  its  successor,  in  such  manner 
that  the  total  waste  becomes,  practically,  that  of 
the  low  pressure  cylinder  alone.  If  any  one 
cylinder  wastes  more  than  another,  the  total 
waste  is,  as  above  stated,  measured  more  nearly 
by  the  loss  in  the  most  wasteful  member  of  the 
system. 

Thus  the  three  principles  which  have  been 
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above  enunciated  give  a  means  of  constructing  a 
philosophy  of  the  multi-cylinder  engine,  which 
will  meet  the  essential  needs  of  the  designer  and 
of  the  student  of  its  theory.  The  first  principle 
shows  that  a  limit  existing  to  economical  ex- 
pansion in  a  single  cylinder,  the  advisable  num- 
ber of  cylinders  in  series  may  be  determined, 
when  that  limit  is  ascertained,  either  by  experi- 
ment, by  general  experience,  or  by  rational  the- 
ory and  computation.  The  second  principle 
shows  that  we  may  find  a  tentative  measure,  at 
least,  of  the  desirable  ratio  of  expansion  for 
maximum  density  when  the  best  terminal  press- 
ure for  the  chosen  type  of  engine  is  settled  upon. 
This  total  range  is  divided  by  the  admissible 
range  for  a  single  cylinder,  raised  to  a  power 
denoted  by  the  number  of  cylinders.  Combin- 
ing thus  the  two  considerations  referred  to,  we 
obtain  a  determination,  probably  fairly  approxi- 
mate, of  the  proper  number  of  cylinders  in 
series.  The  third  principle  permits  an  estimate 
to  be  made  of  the  probable  internal  wastes  of  the 
series,  and  the  probable  total  expenditure  of  heat 
and  of  steam,  and  a  solution  of  all  problems  of 
efiiciency  for  the  compound  engine  of  whatever 
type. 

The  first  step  in  the  process  is  evidently  the 
determination  of  the  best  ratio  of  expansion, 
under  the  assumed  condition  of  operation  and 
for  the  given  type  of  engine,  for  a  single  cylin- 
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der;  then  the  best  ratio  of  expansion  for  the 
series,  all  things  considered,  this  study  being 
made  from  the  financial  standpoint,  as  must  be 
every  problem  which  the  e^gineer  is  called  upon 
to  solve.  It  is  not  the  thermo-dynamic,  nor  the 
fluid,  nor  even  the  engine  eflSciency,  which  must 
be  finally  allowed  to  fix  the  best  ratio  of  expan- 
sion ;  but  it  must  be  the  ratio  of  expansion  at 
maximum  commercial  efficiency,  that  which 
will  make  the  cost  of  operation  at  the  desired 
power  a  minimum  for  the  life  of  the  system. 
The  total  ratio  being  settled  upon,  and  that 
allowable  as  a  maximum,  for  a  single  cylinder,  it 
is  at  once  easy  to  determine  the  best  number  of 
cylinders  in  series.  The  first-mentioned  ratio  is 
that  at  maximum  commercial  efficiency,  as  just 
stated;  but  the  second  must  be  taken  as  that 
which  gives  the  highest  efficiency  of  engine,  the 
back  pressure  in  that  cylinder,  and  the  friction 
of  the  cylinder  taken  singly,  being  considered, 
together  with  its  proper  proportion  of  the  fric- 
tion of  the  engine  as  a  whole. 

Studying  the  method  of  distribution  of  waste 
among  the  several  cylinders  of  the  multi-cylin- 
der engine,  it  will  be  observed  that,  since  the 
pressures  increase  more  rapidly  than  the  tem- 
peratures, the  range  of  temperature  in  the  high 
pressure  cylinder  is  greatest;  while,  the  same 
weight  of  steam  passing  through  the  whole 
series,   the  low-pressure   cylinder  presents   the 
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largest  area  of  condensing  surface  in  proportion 
to  steam  used.  These  differences  are  to  a  cer- 
tain extent,  though  not  wholly,  compensatory. 
It  may  be  assumed,  however,  without  serious 
error,  that  the  necessity  of  applying  jackets  or 
other  methods  of  reducing  internal  wastes,  '^dll 
apply  substantially  as  imperatively  to  one  cylin- 
der as  to  another;  and  that  the  adoption  of  a 
common  ratio  of  expansion  for  both  or  all  cylin- 
ders, or  of  apportioning  the  rates  with  reference 
to  the  equal  division  of  power  among  them,  will 
be  found  perfectly  admissible,  and  will  introduce 
no  serious  avoidable  loss.  Authorities  have 
greatly  differed  in  their  views  as  to  the  relative 
advantage  of  jacketing  one  or  another  cylinder; 
but  it  is  at  least  safe  to  jacket  all,  and  probably, 
as  above  indicated,  best  to  do  so.  The  import- 
ance of  the  jacket  evidently  becomes  less  as 
other  expedients  for  reducing  wastes  of  this 
kind  are  adopted  and  are  made  more  effective;  as 
by  increasing  speed  of  engine,  by  superheating, 
by  reheating  between  cylinders;  and  cases  may 
be  imagined  in  which  the  jackets  may  cease  to 
have  sufficient  value  to  justify  the  acceptance 
of  the  risks  and  expense  incurred  in  their  em- 
ployment- The  same  is  true  of  the  more  com- 
plicated forms  of  valve  gear  needed  to  secure  an 
approximation  to  the  ideal  distribution  of  steam^ 
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CHAPTER  II. 

EXPANSION  OP  STEAM. 

It  is  well  known  that  the  amount  of  work 
which  can  be  obtained  from  a  given  weight  of 
steam,  when  not  used  expansively,  is  practically 
independent  of  the  pressure  at  which  the  steam 
is  worked.  Thus,  if  steam  of  lOO  pounds  per 
square  inch  absolute  pressure  be  admitted  be- 
hind a  piston  one  square  foot  in  area,  then  by 
the  time  the  piston  has  been  pushed  through 
4. 38  feet,  exactly  one  pound  of  steam  has  been 
admitted,  and  the  work  done  by  it  during  ad- 
mission is  equal  to  the  pressure  on  the  piston 
multipiied  by  the  number  of  feet  through  which 
the  piston  moves,  or  100  x  144  x  4.38  =  63,072 
foot  pounds.  If,  then,  the  steam  escapes  into 
the  air,  this  represents  the  total  work  done  by 
the  steam. 

Suppose  now,  that  the  steam  used  had  been 
at  a  pressure  of  twenty  pounds  per  square  inch, 
and  that  this  steam  had  been  admitted  behind  a 
piston  one  square  foot  in  area,  then  by  the  time 
the  piston  had  been  pushed  through  19.7  feet, 
exactly  one  pound  of  steam  at  twenty  pounds 
absolute  measure  has  been  admitted,  and  the 
work  done  by  it  during  admission  is  equal  to 

(50) 
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20x144x19.7  =  56,736  foot  pounds.  But  the 
pound  of  steam  at .  100  pounds  pressure  did  63,- 
072  foot  pounds,  which  is  not  much  greater  than 
that  done  by  the  pound  of  steam  at  twenty 
pounds  pressure.  No  advantage,  however,  has 
here  been  taken  of  the  expansive  power  of 
steam,  which  increases  as  its  initial  pressure  in- 
creases. Suppose  we  wish  the  terminal  pressure 
in  the  cylinder  to  be  twenty  pounds  absolute, 
then  evidently  the  i  pound  of  steam  at  20 
pounds  cannot  do  any  more  work  on  the  piston 
than  is  given  above,  namely,  56,736  foot  pounds. 
On  the  other  hand,  the  pound  of  steam  at  100 
pounds  pressure  can  do  a  great  deal  more  work, 
if,  instead  of  exhausting  into  the  air  at  that 
pressure,  it  is  allowed  to  push  the  piston  forward 
till  it  expands  and  becomes  reduced  in  pressure 
to  twenty  pounds.  This  capacity  for  doing  more 
work  must  have  struck  the  most  careless  ob- 
server when  standing  by  the  exhaust  pipe  of  a 
high-pressure  engine. 

Now  the  steam  at  100  pounds  pressure  pushed 
the  piston  through  4.38  feet  and  escaped  into 
the  air,  but  it  would  push  the  piston  through 
five  times  this  distance  in  expanding  to  a  termi- 
nal pressure  of  20  pounds,  or  4.38x5  =  21.90 
feet,  which  is  nearly  the  same  distance  as  the  i 
pound  of  steam  at  20  pounds  pushed  the  piston, 
namely,  19. 7  feet.  The  piston  in  the  two  cases 
has  been  pushed  through  about  the  same  dis- 
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tance  by  the  same  weight  of  steam;  but  observe 
the  difference  in  the  amount  of  work  done  in 
the  two  cases.  In  the  first  case  the  mean  pres- 
sure on  the  piston  varies  from  loo  pounds  per 
square  inch  at  one  end  of  the  stroke  to  20  pounds 
per  square  inch  at  the  other  end,  giving  a  mean 
pressure  throughout  the  stroke  of  52.2  pounds. 
In  the  second  case  the  pressure  on  the  piston 
was  20  pounds  throughout.  Hence  the  gain  by 
using  the  high-pressure  steam  is  52. 2  -*-  20  =  2. 61 ; 
in  other  words,  2.61  times  the  amount  of  work 
is  done  by  using  the  high-pressure  steam  expan- 
sively. The  significance  of  this  result  becomes 
more  apparent  when  we  remember  that  the  i 
pound  of  steam  at  100  pounds  pressure  only 
costs  an  appreciably  small  quantity  of  fuel  more 
for  its  production  than  the  i  pound  of  steam  at 
20  pounds — so  small,  in  fact,  that  it  may  be 
neglected  in  practice. 

To  take  another  view  of  the  case  :  Suppose 
the  steam  at  100  pounds  pressure,  instead  of 
having  been  cut  off  at  one-fifth  of  the  stroke,  and 
expanded  to  twenty  pounds  pressure  as  before, 
had  been  supplied  to  the  cylinder  at  100  pounds 
pressure  throughout  the  whole  stroke,  then  the 
mean  pressure  would  be  100  pounds  per  square 
inch,  and  amount  of  work  done  would  be  five 
times  as  great  as  when  steam  at  20  pounds  was 
admitted  throughout  the  whole  strohe;  but  it 
would  only  be  5-!-2.6i,  or  say  twice  as  great  as 
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the  work  done  by  steam  admitted  at  100  pounds 
and  cut  off  at  one-fifth  of  the  stroke.  In  other 
words,  when  we  admit  steam  at  100  pounds 
throughout  the  whole  stroke,  we  use  five  times 
the  weight  of  steam,  and,  therefore,  also  five 
times  the  weight  of  fuel,  and  only  obtain  twice 
the  amount  of  work.  Hence  the  economical 
advantage  of  using  steam  expansively.  No 
account  has  been  taken  of  the  effect  of  back 
pressure. 

To  illustrate  the  advantage  of  expansive 
working,  we  will  take  an  actual  case  from  prac- 
tice. A  steamer  of  1000  indicated  horse  power, 
having  a  pair  of  two-cylinder  compound  oscillat- 
ing paddle-wheel  engines  of  modem  construc- 
tion, runs  at  the  following  speeds  and  coal  con- 
sumption for  varying  degrees  of  cut-off  in  each 
cylinder: 


•  • 


Coal  Con- 

Coal  Con- 

Point of 

Knots 

samption. 

sumption, 
pr.  hr.  in  cwts. 

cat<off. 

per  hour. 

pr.  hr.  in  cwts. 

5-ioth8 

8 

6 

0.75 

4-ioth8 

9 

9 

1. 00 

5-loths 

10 

12 

1.20 

6-ioths 

12 

20 

1.66 

From  this  table  it  will  be  seen  how  the  weight 
of  steam  supplied  to  the  cylinder  affects  the 
speed  and  coal  consumption.  Comparing  the 
effects  of  the  two  extreme  points  of  cut-off,  when 
cutting  at  six-tenths  instead  of  three-tenths, 
twice  the  volume  and  weight  of  steam  is  used, 
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3.3  times  the  weight  of  coal  is  consumed  per 
hour,  and  2.2  times  the  weight  of  coal  is  con- 
sumed per  mile  for  1.5  times  the  number  of  iev- 
olutions. 

The  effect  of  expansive  working  on  the  pos- 
sible distance  which  a  vessel  can  run  with  a 
given  weight  of  fuel  will  also  be  evident;  for  in 
the  case  we  are  considering  the  vessel  would 
run  2.2  times  the  distance  when  cutting  off  at 
three-tenths  that  she  would  run  when  cutting  off 
at  six-tenths.  The  influence  of  this  increased 
economy  of  expansive  working  on  the  power  to 
run  longer  voyages  where  coal  is  not  easily  ob- 
tained, has  had  immense  influence  on  commerce 
with  distant  parts  of  the  globe. 


CHAPTER  III. 

THE  EFFICIENCY  OF  STEAM  JACKETS. 

The  relative  value  of  a  jacketed  or  nou« 
jacketed  cylinder  of  an  engine  is  a  subject  of 
much  discussion.  Tests  are  usually  made  on  an 
engine  at  one  time  using  the  jacket  and  at 
another  not  using  it,  a  condition  somewhat 
against  the  jacket,  as  the  jacket  itself  performs 
in  a  minor  degree  the  purpose  for  which  it  was 
added  even  when  steam  is  not  admitted  to  it 
iBnglish  accounts  are  given  of  elaborate  experi- 
ments with  a  triple  expansion  engine  at  the 
WhitWorth  Engineering  Laboratory,  Manches- 
ter, England,  by  which  it  was  shown  that  steam 
jackets  have  a  certain  vSilue. 

The  engines  were  throughout  specially  de- 
signed and  constructed  with  a  view  to  the  fulfill- 
ment of  the  requirements.  There  were  three  sep- 
arate inverted  cylinder  engines  working  on  sep- 
arate brakes,  having  the  following  dimensions: 

Cylinder.  Crank-shaft. 

Engine.                                              Diam.  Stroke-     Diam. 

Inches.  Inches.    Inches. 

No.    I  (high-pressure) 5  10           2^ 

No.  II  (intermediate) 8  10  2^ 

No.  Ill  (low-pressure) 12  15  4 

Air  pump  on  No.  Ill ...    • 9  4^ 

Feed  pump  on  No.  Ill lyi  2 

(55) 
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All  the  engines  had  their  cy] 
both  covers  separately  jacketed, 
that  they  could  be  worked  with  c 
in  any  or  in  all  of  the  jackets.  I 
designed  to  carry  a  pressure  uj 
on  the  square  inch,  to  run  at  ai 
up  to  lOOO  feet  per  minute,  and 
gear  to  cut  off  from  zero  up  ti 
stroke.  One  engine  was  furnis 
face  condenser  having  i6o  squar 
the  other  two  engines  were  fumi 
nate  exhausts,  either  into  the  att 
steam-jacketed  receivers  supplyi 
gine,  each  receiver  having  an  j 
of  ste£un  from  the  boiler.  Th« 
the  locomotive  type,  with  five 
grate,  200  square  feet  of  heatii 
carried  200  pounds  of  steam  p 
It  was  set  iu  a  hot  chamber,  wit 
having  50  square  feet  of  heat 
which  an  area  of  40  square  feet 
by  scrapers,  and  was  so  arrang& 
moved  in  the  opposite  directio 
The  furnace  was  worked  eithei 
draught  or  with  forced  draught 
stokehold  system,  and  burnt 
pounds  an  hour.  The  specialt 
consisted,  mainly,  in  the  proi 
render  possible  the  accurate  di 
the   manner   in   which  each  pa: 
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Work,  as  well  as  to  make  the  performances  of 
each  organ,  as  far  as  practicable,  independent 
of  the  performance  of  the  rest  To  accomplish 
tiiis^  the  boiler  and  three  engines  had  been  sep- 
arated by  intervals  of  20  feet,  7  feet,  and  12 
feet,  and  the  steam  diistributed  by  five  systems 
of  pipes,  while  the  engine  shafting  extended 
over  a  length  of  36  feet  This  spreading  out  of 
the  engines  entailed  greatly  increased  radiation 
and  additional  friction.  These  quantities,  how- 
ever, being  differently  measurable,  did  not  con- 
fuse the  results. 

The  investigation,  commenced  in  March, 
1888,  had  been  continued  at  the  rate  of  two  trials 
a  week  during  the  session,  a  trial  occupying  six, 
four  or  two  hours,  and  being  conducted  as  regu- 
lar work  in  the  Laboratory.  As  the  trials  were 
intended  eventually  to  cover  all  possible  systems 
of  using  steam,  each  system  was  fully  investi- 
gated in  a  series  of  trials,  giving  consistent  re- 
sults, before  proceeding  to  another  system. 
After  the  first  twenty-four  trials,  a  scheme  was 
drawn  up,  commencing  with  a  series  of  trials  of 
triple-expansion  at  200  pounds  boiler  pressure 
per  square  inch,  with  and  without  steam  in  the 
jackets.  This  series,  involving  thirty-two  trials, 
was  commenced  in  October,  1888,  and  completed 
in  April,  1889.  Several  trials  were  made  at  each 
speed  and  the  results  were  found  to  agree  within 
one  per  cent.,  so  that  three  trials  with  steam*  in 
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the  jackets  and  three  without  were  taken  as 
illustrating  the  results  obtained.  The  condi- 
tions under  which  this  series  of  trials  had  been 
made  were,  if  anything,  more  favorable  to  econ- 
omy than  were  any  which  prevailed  in  practice; 
and  although  the  purpose  of  these  engines  was 
to  elucidate  the  causes  of  inefficiency  rather  than 
to  realize  the  utmost  economy,  yet  it  was  very 
desirable  that  the  results  obtained  should  not, 
whether  on  account  of  the  comparatively  small 
sizes  of  the  engines,  or  from  other  causes,  fall 
greatly  behind  what  might  be  expected  from 
high-class  engines  in  actual  practice.  Hence  it 
was  eminently  satisfactory  to  find  that,  notwith- 
standing the  drawbacks  already  mentioned,  the 
economic  results  compared  favorably  with  any- 
thing yet  obtained  in  practice,  even  with  the 
largest  engines.  The  pounds  of  coal  and  of 
water  per  indicated  horse  power  per  hour  were: 

With  Without 

Steam  Jackets.  Steam  Jackets. 

Coal— Total 1.50  to    1.33  1.81  to    1.62 

Discounting  radiation    .   .    1.30  to    1.21  1.77  to    1.54 

Water— Total 14.10  to  12.68  17.30  to  15.90 

Discounting  radiation    .   •  12.30  to  11.96  16.60  to  15.10 

Although  these  results  were  extremely  good, 
the  sources  and  extent  of  the  various  losses  were 
clearly  shown.  Thus  of  the  total  heat  received 
by  the  engines,  exclusive  of  radiation,  with 
jackets  19.4  per  cent,  had  been  converted  into 
work,  and  without  jackets  15.5  per  cent — ^the 
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greatest  amount  which  would  have  been  con- 
verted had  there  been  no  secondary  actions 
being  23  per  cent. ;  so  that  with  steam  jackets 
there  were  losses  through  secondary  actions 
amounting  to  17  per  cent,  and  without  jackets 
to  34  per  cent.  The  manner  of  the  distribution 
of  these  losses  was  also  apparent  One  import- 
ant source  of  loss,  which  with  jackets  accounted 
for  5  per  cent  of  the  loss,  had  been  brought  to 
light  for  the  first  time.  This  was  the  heat  car- 
ried away  from  the  surfaces  of  the  cylinder  and 
passages,  in  consequence  of  the  expansion  after 
release.  The  eflfects  of  cylinder  condensation 
were  clearly  shown  in  the  mean  diagrams  taken 
from  the  trials.  Although  these  trials  were  not 
in  themselves  sufl5cient  to  determine  anything 
like  a  complete  law  of  this  action,  they  exhib- 
ited in  a  striking  manner  its  dependence  on  cer- 
tain circumstances.  One  circumstance  in  par- 
ticular, which  had  not  previously  received  much 
attention,  was  here  shown  to  be  of  primary  im- 
portance in  the  action  of  steam  jackets.  These 
diagrams  showed  that  with  the  temperature  of 
steam  in  the  jackets  of  No.  I  engine  the  same  as 
that  of  the  initial  steam,  the  eflfect  of  the  jackets 
on  the  cylinder  condensation  was  very  small. 
In  No.  II  engine,  with  80°  Fah.  difference  in  the 
temperature  of  the  jackets  and  that  of  the  initial 
steam,  the  condensation  was  reduced  from  30 
per  cent,  to  5  per  cent. ;  and  a  difference  of  tern- 
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perature  of  i8o°  Fah.  between  the  jackets  and 
the  initial  steam  in  engine  No.  Ill  entirely  pre- 
vented condensation.  Thus,  in  these  trials, 
with  steam  at  boiler  pressure  in  the  jackets,  low- 
pressure  diagrams  had  been  obtained,  apparently 
for  the  first  time,  in  which  the  curve  of  expan- 
sion coincided  exactly  with  the  curve  for  satu- 
rated steam. 


CHAPTER  IV. 

TRIPLE  EXPANSION  MARINE  ENGINES.* 

The  last  few  years  may  be  regarded  as  a  trail- 
sition  period  in  the  history  of  marine  engineer- 
ing, as  the  high-pressnre  triple-expansion  engine 
has  now  proved  the  successful  rival  of  the  double 
expansion  compound.  The  object  here  is  to 
bring  forward  the  results  of  experience  with  this 
new  type  of  engine,  and  to  consider  briefly  the 
various  points  which  have  a  direct  bearing  on 
its  efficiency,  as  well  as  the  most  suitable  design 
for  marine  purposes. 

Position  of  Cylinders. — ^There  has  been  great 
difference  of  opinion  regarding  the  best  method 
of  placing  the  three  cylinders  in  a  triple  expan- 
sion engine  of  ordinary  size;  and  some  very 
crude  plans  have  been  adopted  since  the  intro- 
duction of  the  system  by  Mr.  Kirk  in  the  Pro- 
pontis.  The  high  pressure  cylinder  placed  on 
the  top  of  either  the  intermediate  pressure  or  the 
low  pressure  has  been  tried,  together  with  many 
schemes  to  lessen  the  difficulties  of  overhauling; 
while  the  main  objections  to  this  design  appear 
to  have  been  overlooked.     With  the  exception 

♦  Wyllie. 
6  (60 
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of  what  was  being  done  in  the  matter  by  Mr. 
Kirk,  no  further  attempt  seems  to  have  been 
made  to  construct  small  power  expansion  engines 
on  three  cranks  until  about  three  years  ago, 
when  the  writer  undertook  to  build  one  of  700 
indicated  horse  power  which  should  fulfill  the 
condition  that  no  more  space  was  to  be  occupied 
than  would  have  been  taken  up  with  an  ordi- 
nary compound.  Engines  of  small  power  had 
previously  been  constructed  on  the  tandem  prin^ 
ciple;  but  experience  had  shown  the  writer  that 
in  order  to  take  full  advantage  of  the  triple  ex- 
pansion system,  an  engine  must  be  built  on 
three  cranks  placed  at  equal  angles;  and  the  best 
proof  that  this  was  the  correct  solution  of  the 
problem  is  the  fact  that  the  arrangement  is  now 
almost  universally  followed,  although,  at  the 
time,  it  was  considered  by  the  advocates  of  the 
tandem  engine  and  others  to  be  a  step  entirely 
in  the  wrong  direction. 

General  Conditions  of  Efficiency, — The  most 
important  conditions  to  be  considered  in  order 
to  obtain  an  efficient  engine  are  that  there  should' 
be  approximate  equality,  first,  in  the  range  of 
temperature  in  each  cylinder;  secondly,  in  the 
initial  stress  on  each  crank;  and  thirdly,  in  the 
indicated  horse  power  of  each  engine.  What 
may  be  termed  the  complements  to  these  three 
essentials  are:  i,  steam  jacketed  cylinders;  2, 
cylinder  ratios;  3,  velocities  of  initial  and  ex- 
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haust  steam;  4,  clearauce  and  compression;  5, 
receiver  capacity;  6,  piston  speed;  7,  order  of 
sequence  of  cranks. 

Steam  Jcukets. — The  subject  of  steam  jacket- 
ing, and  fitting  cylinders  with  working  barrels 
cast  separately,  has  undergone  considerable  dis- 
cussion among  engineers,  although  the  theoreti- 
cal advantages  of  the  system  have  long  since 
been  admitted.  Keen  competition  seems  evi- 
dently to  have  been  one  of  the  reasons  why  this 
fitting  in  many  instances  has  been  discontinued, 
in  order  to  meet  the  demand  for  a  cheap  engine. 
Thorough  investigation  of  the  subject  is  beyond 
our  present  scope;  but  the  action  of  the  cylinder 
surface,  producing,  as  it  does,  an  influence  on 
coal  consumption,  deserves  more  attention  than 
it  often  receives.  In  a  single  cylinder  engine 
with  a  high  ratio  of  expansion  and  a  large  range 
of  temperature,  it  is  well  known  that  in  each 
stroke  there  is  excessive  initial  condensation, 
followed  by  partial  re-evaporation.  In  triple 
expansion  engines,  where  attention  is  paid  to 
the  equal  division  of  the  total  range  of  tempera- 
ture among  the  cylinders  in  which  the  successive 
stages  of  expansion  take  place,  the  benefits  aris- 
ing from  the  use  of  jackets  are  naturally  not  so 
great  as  in  a  single  cylinder  engine  with  a  high 
ratio  of  expansion;  but  however  carefully  the 
triple  engine  may  be  designed,  the  jacketing  of 
at  least  the  intermediate  and  low  pressure  cylin- 
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ders  IS  essential  to  maximum  efficiency.  Beyond 
the  actual  economy  resulting  from  steam  jacket- 
ing, there  are  numerous  practical  advantages  of 
a  working  barrel  cast  separately.  The  cylinder 
barrel  being  one  of  the  most  vital  parts  of  an 
engine,  it  is  essential  that  it  should  be  of  the 
finest  material  and  of  uniform  quality,  in  order 
to  prevent  it  from  wearing  unevenly,  as  an  oval 
or  uneven  cylinder  means  a  leaky  piston  and 
increased  coal  consumption.  In  the  case  of  a 
cracked  cylinder  without  an  independent  liner, 
the  expense  of  a  renewal  is  very  great,  while  a 
new  liner  costs  but  little;  and  the  additional 
facility  given  for  heating  up  cylinders  fitted 
with  independent  liners  is  a  safeguard  agninst 
accidents  of  that  description. 

Cylinder  Ratios. — The  ratio  of  cylinder  ca- 
pacities in  a  triple  expansion  engine  depends  on 
the  pressure  of  steam  and  the  type  of  engine. 
In  cargo  steamers,  where  economy  of  fuel  is  of 
vital  importance  and  a  large  range  of  reserve 
power  is  not  necessary,  the  high-pressure  cylin- 
der should  be  of  such  a  diameter  that  with  a 
cut-off"  of  from  50  to  60  per  cent,  the  theoretical 
absolute  terminal  pressiire  in  the  low-pressure 
cylinder  shall  not  exceed  10  lb.  per  square  inch. 
In  war  ships,  where  a  large  range  of  power  is 
sometimes  required  and  economy  of  fuel  is  not 
so  important,  the  high-pressure  cylinder  should 
be  larger  in  proportion,  so  that  a  higher  mean 
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pressure  can  be  obtained.  In  triple  expansion 
engines  on  three  cranks,  the  intermediate  cylin* 
der  should  be  so  proportioned  that,  with  55  to 
65  per  cent,  cut  off,  the  powers,  the  rangers  of 
temperature  and  the  initial  stresses  in  the  three 
cylinders  may  approach  equality. 

Steam  Velocities. — To  obtain  even  approxi- 
mate equality  in  powers,  temperatures,  and 
stresses,  requires  the  greatest  care  in  designing 
the  steam  passages  throughout  the  engine;  and 
unless  the  velocities  of  the  steam  at  the  various 
points  and  the  degrees  of  cut-off  by  the  valves 
are  carefully  proportioned,  it  will  be  found  that 
these  three  elements  of  economy  and  of  efficient 
working  are  very  far  from  being  realized.  The 
greater  number  of  published  results  show  that 
the  subject  is  still  inadequately  appreciated. 
An  expanded  high  pressure  diagram  taken  from 
an  engine  with  135  lb.  boiler  pressure  shows  that 
the  velocity  in  the  passages  was  by  no  means 
high,  but  the  pipes  were  indirect,  and  owing  to 
specified  requirements  there  were  several  alto- 
gether unnecessary  valves;  the  result  was  a  fall 
of  pressure  to  120  lb.,  or  a  loss  of  15  lb.  avail- 
able initial  pressure.  When  the  objectionable 
bends  were  removed,  the  initial  pressure  in  the 
diagram  rose  to  130  lb.,  thus  raising  the  ratio 
of  expansion  and  increasing  the  general  efficiency. 
The  stroke  of  the  engine  was  3  ft.,  and  the  rev- 
olutions 104  per  minute.     A  high  pressure  ex- 
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panded  diagram  from  a  cylinder  of  the  same 
diameter  and  stroke  shows  the  revolutions  to  be 
70  per  minute.  This  shows  how  small  the  in- 
itial drop  may  be,  when  the  sources  of  loss  are 
thoroughly  appreciated. 

Piston  Valves. — The  use  of  piston  valves  on 
the  intermediate  and  low  pressure  cylinders, 
especially  in  engines  of  moderate  power,  serves 
to  illustrate  how  the  indirectness  of  the  valve 
passages  impairs  the  efficiency  of  the  steam,  and 
in  some  cases  more  than  balances  the  beneficial 
effect  of  reducen  friction  in  the  machinery.  An 
expanded  diagram  taken  from  the  intermediate 
cylinder  of  a  triple  engine  fitted  with  a  piston 
valve  shows  considerable  wire-drawing,  which  is 
to  be  attributed  to  the  indirectness  of  the  valve 
passages;  for  in  another  diagram,  taken  from  a 
similar  engine  in  every  respect,  with  only  a 
slightly  lower  speed  of  steam  but  with  an  ordi- 
nary slide,  the  wire  drawing  is  much  less. 

Low  Pressure  Cylinders. — The  low  pressure 
cylinder  is  of  course  the  source  of  the  greatest 
inefficiency;  and  too  much  care  cannot  be  taken 
in  the  design  of  the  steam  ports  and  exhaust 
passages.  The  steam  passage  should  be  as  short 
as  possible,  so  as  to  reduce  the  clearance  to  a 
minimum;  and  the  speed  of  the  entering  steam 
should  not  be  so  high  as  to  cause  excessive 
frictional  resistance,  nor  the  speed  of  exhaust  so 
high  as  to  augment  the  back  pressure;  conse- 
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quently,  the  greatest  efficiency  is  obtained  when 
the  revolutions  and  indicated  horse  power  are 
not  required  to  vary  to  any  great  extent  As  an 
illustration,  a  diagram  was  taken  from  a  low- 
pressure  cylinder  which  was  designed  for  60  to 
65  revolutions  per  minute;  on  the  lightship  trial 
the  engines  were  run  at  78  revolutions,  and  the 
vacuum  was  then  i^  lb.  less  than  with  the 
same  cut  off  at  68  revolutions,  the  loss  being  en- 
tirely due  to  the  excessive  exhaust  velocity 
consequent  on  driving  the  engines  at  a  greater 
speed  than  they  were  designed  for.  Contracted 
or  indirect  exhaust  passages  in  the  high  pressure 
and  intermediate  cylinders  have  the  effect  of 
causing  a  larger  difference  between  the  back 
pressure  on  one  piston  and  the  initial  pressure 
on  the  next,  thus  diminishing  the  efficiency  of 
the  steam.  An  illustration  of  this  defect  is  fur- 
nished by  the  diagrams  which  were  taken  from 
a  triple  expansion  engine  built  in  the  Noith  of 
England. 

Cut' Off, — The  cut-off  necessary  to  maintain 
the  equality  of  the  three  essentials  for  an  effi- 
cient engine  is  governed  to  a  great  extent  by  the 
speed  of  the  entering  steam  and  the  nature  of 
the  passages,  inasmuch  as  the  same  amount  of 
steam  per  stroke  may  enter  the  cylinder  at  the 
ordinary  working  number  of  revolutions  per 
minute,  as  at  a  higher  speed  with  later  cut-off 
and  larger  port  opening;  and  in  the  latter  case 
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the  difference  will  be  greater  between  the  actual 
and  the  effective  cut-off".  An  expanded  high 
pressure  diagram  was  taken  on  a  lightship  trial, 
and  shows  the  effect  produced  by  a  high  velocity 
of  steam  on  the  volume  admitted  at  each  stroke, 
the  actual  cut-off"  in  this  case  being  8  per  cent 
later  in  the  stroke  than  the  virtual  or  effective 
cut-off".  In  the  intermediate  and  low  pressure 
cylinders,  too  high  a  velocity  of  the  entering 
steam  will  produce  excessive  frictional  resist- 
ance, causing  a  drop  in  the  expansion  curve  as 
well  as  an  unduly  high  receiver  pressure,  thus 
disturbing  the  equality  of  temperatures  and  of 
initial  stresses.  A  diagram  was  taken  from  the 
intermediate  cylinder  on  a  lightship  trial  with  a 
high  steam  velocity  through  the  ports,  and 
another  diagram  from  the  same  cylinder  in  the 
loaded  ship;  the  cut  off"  was  equal  in  both  in- 
stances, yet  in  the  latter  case  the  receiver  pres- 
sure is  7  lb.  lower,  and  the  drop  in  the  expansion 
curve  is  very  considerably  reduced.  A  three  crank 
engine,  with  its  more  uniform  twisting  moment 
on  the  shaft,  and  its  approximately  equal  initial 
loads,  presents  every  facility  for  increased  revo- 
lutions or  higher  piston  speed;  and  as  lighter 
machinery  for  the  same  power  developed  admits 
of  additional  capacity  for  carrying  cargo,  the 
recognized  standard  of  sixty  revolutions  per 
minute,  so  indelibly  stamped  on  marine  engi- 
neering practice,  is  unfavorable  to  the  greatest 
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economy.  It  is  true  that  the  absurdly  bluff  run 
aft  which  is  found  in  many  steamers  interferes 
with  a  high  number  of  revolutions;  but  there  is 
no  reason  why  a  considerable  advance  should 
not  be  made.  Engineers  are  often  severely 
handicapped  and  sometimes  utterly  baffled  by 
the  design  of  the  cargo  "  receptacle  "  which  has 
to  be  propelled;  and  should  the  speed  not  reach 
the  unreasonable  expectations  formed,  the  gen- 
eral inefficiency  of  the  engines  is  at  once  set 
down  as  the  cause,  although  the  ship  may  have 
a  displacement  co-efficient  as  high  as  0.77  and 
may  never  run  a  straight  course  except  by  acci- 
dent That  ships  having  a  large  cargo  carrying 
capacity  and  traveling  at  a  low  speed  are  pecu- 
niarily successful  is  not  to  be  denied;  but  that 
beneficial  results  would  follow  from  a  slightly 
less  box-like  form  is  abundantly  evident,  though 
not  yet  universally  appreciated  in  practice. 

Sequence  of  Cranks. — In  a  triple  engine  some 
diversity  of  opinion  seems  to  have  existed  as  to 
the  order  of  sequence  for  the  three  cranks. 
Many  engines  are  arranged  with  the  high  pres- 
sure crank  leading,  followed  by  the  intermediate 
crank,  and  the  low  pressure  crank  last;  which 
causes  excessive  variation  in  the  receiver  pres- 
sure, increased  ranges  of  temperature  in  the  cyl- 
inders and  considerable  differences  in  initial 
stresses.  The  better  sequence  is  high  pressure 
leading,  low  pressure  following,  and  intermedi- 
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ate  last.  Expanded  diagrams  were  taken  from 
an  engine  built  on  the  Tyne  with  the  common 
arrangement  of  cranks,  namely,  high,  interme- 
diate, and  low;  here  the  pressure  in  the  receiver 
into  which  the  high-pressure  cylinder  exhausts 
varies  as  much  as  22^  lbs.,  this  large  amount 
being  probably  due  to  the  receiver  being  too 
small.  The  temperatures  and  stresses  in  the 
high  pressure  and  intermediate  cylinders  ap. 
proach  equality;  but  the  amount  in  each  case  is 
much  greater  than  it  would  have  been  had  the 
low  pressure  crank  followed  the  high  pressure. 
Other  diagrams  taken  from  an  engine  built  in 
Scotland  show  the  same  sequence  of  cranks, 
namely,  high,  intermediate  and  low;  but  the 
receiver  from  the  high  pressure  cylinder  being 
here  larger,  the  variation  of  pressure  in  it  is 
reduced  to  12  lb.  In  this  engine,  however,  the 
temperatures  and  stresses  are  astray,  the  eflFects 
of  the  latter  being  shown  in  the  crank-shaft  dia- 
gram. In  the  next  diagram  the  low  pressure 
cylinder  follows  the  high  pressure,  with  the  evi- 
dent beneficial  eflFect  of  reducing  the  variation  of 
pressure  in  the  first  receiver  to  6  lb.,  and  also 
reducing  the  ranges  of  temperature  in  the  cylin- 
ders, as  well  as  the  initial  loads  on  the  pistons. 

Number  of  Cranks. — The  question  of  the 
most  suitable  type  of  marine  engine  resolves 
itself  into  two  general  divisions,  namely,  en- 
gines working  on  two  cranks,  and  those  working 
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on  three.  Considerable  difference  of  opinion 
has  existed  as  to  which  is  the  better,  and  many 
engineers  have  decided  in  favor  of  the  two-crank 
tandem,  the  high  pressure  cylinder  being  placed 
over  either  the  intermediate  or  the  low  pressure. 
A  preferable  arrangement  is  to  place  two  cylin- 
ders on  each  crank.  But  both  these  plans  pre- 
sent very  objectionable  features.  In  a  three- 
cylinder  tandem  it  is  impossible  to  obtain  any- 
thing approaching  equality  of  temperatures, 
stresses,  and  powers;  and  therefore  the  result  is 
a  loss  of  efficiency.  In  converting  compound 
into  triple-expansion  engines,  the  method  of 
adding  another  cylinder  on  the  top  of  the  high 
pressure  or  low  pressure  is  certainly  an  easy  way 
of  applying  the  triple  expansion  principle,  but 
for  obvious  reasons  it  is  a  very  objectionable  one. 
In  the  diagrams  from  a*  tandem  engine,  in  which 
every  possible  care  was  taken  in  the  design,  the 
results  do  not  compare  at  all  favorably  with 
those  from  a  good  three-crank  engine.  To  have 
two  cylinders  on  each  crank  is,  undoubtedly, 
the  best  design  for  a  two-crank  engine  on  the 
triple  expansion  principle,  as  it  is  then  possible 
to  get  an  approximately  equal  initial  stress  on 
each  crank.  This  arrangement,  of  course, 
necessitates  one  of  the  three  stages  of  expansion 
taking  place  in  two  cylinders,  instead  of  in  one. 
The  diagrams  from  this  type  of  engine  show  the 
range  of  temperature,  varying  from  59°  to  81®, 
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while  the  crank-shaft  diagram  is  even  worse 
than  that  from  an  ordinary  compound  on  two 
cranks.  A  marine  engine  should  be  so  designed 
that  any  working  part  can  be  easily  examined 
or  removed,  and  this  is  impossible  with  a  tan- 
dem engine. 

The  arrangement  of  cylinders  on  three  cranks 
fulfills  the  required  conditipns  more  nearly  than 
any  other  design;  and  that  this  is  appreciated 
by  many  engineers  and  ship  owners  is  evident 
from  the  rapidity  with  which  the  three-crank 
engines  are  entirely  displacing  the  two-crank. 
A  few  of  the  principal  advantages  are:  (i)  More 
uniform  strain  on  shafting;  (2)  adaptability  for  a 
higher  rate  of  revolution  and  increased  piston 
speed,  thus  obtaining  increased  efficiency  from 
the  steam  in  the  engine,  as  well  as  lighter  ma- 
chinery in  proportion  to  the  power  developed; 
(3)  less  wear  and  tear;  (4)  easier  accessibility  of 
working  parts;  (5)  interchangeability  of  parts, 
thus  minimizing  the  consequences  of  a  break- 
down; (6)  greater  facility  for  repairs;  (7)  easier 
adjustment  of  temperatures,  stresses,  and  pow- 
ers.  All  these  features  are  deserving  of  investi- 
gation. 

Regarding  the  more  uniform  twisting  moment 
on  the  crank-shaft  of  a  three-crank  engine,  it  is 
often  advanced  that  the  difference  between 
crank-shaft  diagrams  from  a  two-crank  and  a 
three-crank  engine  is  not  so  great  as  to  cause 
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any  appreciable  eflFecL  It  must  be  remembered, 
however,  that  the  variable  twisting  strains  on 
the  crank-shaft  are  reflected  to  a  greater  or  less 
extent  throughout  all  the  working  parts  of  the 
engine;  and  it  seems  certain  that  the  beneficial 
influence  of  three  cranks  is  far  beyond  what  is 
generally  accepted.  There  seems  to  be  an  im- 
pression that  the  length  of  an  engine-room  is 
increased  by  the  introduction  of  three  cranks. 
But  by  placing  the  valve  casings  at  the  side, 
thus  allowing  the  intermediate  and  low-pressure 
cylinder  covers  to  be  brought  close  together,  the 
total  length  of  a  three-crank  engine  is  made  no 
greater  than  in  nine-tenths  of  the  existing  com- 
pounds. In  the  Orient  liner  Lusitania^  since 
she  has  been  converted  to  three  cranks  by  the 
writer,  the  distance  longitudinally  over  the  cyl- 
inders is  one  foot  shorter  than  before,  and  the 
indicated  horse  power  is  800  greater. 

Valve  Gear. — The  arrangements  for  working 
valves  are  becoming  very  extensive,  and  a  re- 
view of  the  various  devices  which  are  employed 
to  distribute  the  steam  in  modem  engines  would 
by  itself  occupy  a  very  lengthy  paper.  The 
requirements  of  a  good  valve  gear  are  that  it 
shall  give  at  both  ends  of  the  cylinder  an  equal 
distribution  of  steam  at  all  grades  of  expansion, 
with  a  minimum  of  working  parts  and  with  no 
undue    strains.     The    four    principal    methods 

adopted  to  work  valves  are:  first,  by  the  single 
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eccentric;  secondly,  by  the  double  eccentric; 
thirdly,  by  taking  the  motion  from  the  connect- 
ing rod;  and  fourthly,  by  a  compound  motion 
derived  from  both  the  piston  rod  and  the  con- 
necting rod.  All  four  of  these  have  their  ad- 
vantages and  defects,  and  vary  considerably  in 
complexity  and  in  multiplicity  of  parts.  The 
single  eccentric  valve  gear,  giving  almost  perfect 
steam  distribution,  having  few  working  parts, 
and  being  independent  of  the  connecting  rod  or 
piston  rod,  seems  eminently  suitable  to  fulfill  all 
the  desired  conditions.  A  sliding  block  gear  of 
this  kind  has  given  every  satisfaction  in  actual 
working;  and  the  arrangement  is  such  as  to 
allow  free  access  to  all  the  working  parts,  while 
occupying  a  minimum  of  space.  The  end  of  the 
eccentric  rod  reciprocates  on  guide  bars,  which 
are  inclined  at  various  angles  to  suit  the  desired 
action  of  the  valve.  Motion  is  imparted  to  the 
valve  spindle  from  an  intermediate  joint  in  the 
eccentric  rod,  which  moves  in  an  approximately 
elliptic  path.  A  slot  in  the  tail  of  the  guide 
bars  admits  of  varying  their  inclination  to  dif- 
ferent extents  for  a  given  movement  of  the  re- 
versing engine,  thus  altering  independently  the 
cut-oflF  in  each  cylinder.  The  long  leverage  and 
easy  motion  reduce  the  wear  and  tear  to  a  mini- 
mum, as  results  in  actual  practice  have  proved. 
An  objectionable  feature,  however,  in  an  engine 
fitted  with  this  sliding  block  gear  is  that  the 
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valves  are  at  the  front,  over  the  starting  plat- 
form; and  the  exhaust  has  to  be  led  by  a  belt 
around  the  low  pressure  cylinder  to  the  con- 
denser. To  overcome  this  objection  of  the  slid- 
ing block  gear,  a  swinging  link  gear  was  de- 
signed. The  eccentric  rod,  as  in  the  last  case,  is 
placed  diagonally  over  the  condenser,  but  is  here 
guided  in  an  arc  of  a  circle,  by  suspending  it  by 
a  swinging  link,  centered  on  a  pin,  which  pin  is 
adjustable  by  the  reversing  engine  into  various 
positions  for  varying  the  grade  of  expansion 
either  ahead  or  astern. 

The  movements  for  working  the  valve  are 
transmitted  from  a  joint  at  the  end  of  the  eccen- 
tric rod  by  a  compensating  link  connecting  the 
joint  with  one  arm  of  an  oblique  lever,  of  which 
the  other  arm  is  jointed  to  the  valve  spindle. 
The  compensating  link  is  an  essential  and  dis- 
tinguishing feature  of  this  gear;  it  is  so  placed 
and  proportioned  relatively  to  the  other  parts  as 
to  produce  practically  equal  port  opening  and 
cut-oflF  at  each  end  of  the  stroke.  There  is  a 
quick  and  a  slow  movement  of  the  valve  at  each 
end  of  its  travel;  the  slow  movement  being  at 
the  maximum  port  opening,  and  the  quick 
movement  at  the  cut-oflf.  The  lead  is  also  con- 
stant at  all  grades  of  expansion. 

Practical  Results. — In  the  engines  of  the 
screw-steamer  Para^  belonging  to  Messrs.  Steel, 
Young  &  Co. ,  which  made  her  maiden  voyage 
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to  the  River  Plata  about  3^^  years  ago,  the  cyl- 
inders are  19  inches,  35  inches,  and  53  inches  in 
diameter,  with  33-inch  stroke.  These  being  the 
writer's  first  triple-expansion  engines,  special 
arrangements  were  made  for  ascertaining  the 
actual  coal  consumption  per  indicated  horse- 
power. Altliough,  in  order  to  get  a  correct  esti- 
mate of  an  engine's  performance,  the  quantity 
and  temperature  of  the  feed  and  circulating 
water  ought  of  course  to  be  considered,  yet  there 
are  so  many  practical  difficulties  in  the  way  of 
getting  these  particulars  on  board  ship,  that  it 
has  been  found  impossible  to  obtain  any  reliable 
data  on  these  points.  This  steamer  still  con- 
tinues on  the  same  run,  averaging  9  knots  an 
hour  on  10 J^  tons  of  coal;  and  has  not  yet  cost 
anything  beyond  the  usual  overhaul  for  repairs. 
The  great  saving  in  coal  consumption  with  the 
triple  engines  is  apparent  when  comparison  is 
made  with  two  sister  ships  fitted  with  compound 
engines,  the  Ingram  and  the  Wandle^  belonging 
to  the  same  company,  and  built  by  the  same 
builders;  the  comparison  is  shown  in  Table  L, 
which  gives  the  average  working  over  a  period 
of  three  years. 
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TABi«e  I. 

Comparative  Results  from  Three  Similar  Steamers  with 
Compound  and  ivith  Triple  Expansion  Engines. 

Name  of  screw  steamer Ingram.       Wandle.  Panu 

Length,  feet  and  inches. ^76  257    6  257   6 

Breadth,  feet  and  inches 346  34^  34^ 

Draught,  feet  and  inches 18  zo)^  18    6} ' 

Dead  weight  carried,  tons _       2,310       _     2,203         _  2,398 

riple. 


Draught,  feet  and  inches 18  10%  18    ^%  19    4 

Dead  weight  carried,  tons 2,310  2,203  2,3 

Type  of  engines Compound.    Compound.    Trip! 

Boiler  pressure,  lb.  per  square  inch  .  75  75  150 

Speed,  knots  per  hour h%  8>^  9 

Indicated  horse  power,  total 570  580  6ao 

Coal  consumption  per  day,  tons .  .  .  13^^  14  10^ 

The  diagrams  are  an  expanded  set  taken  during 
the  three  days'  trial  of  the  Para;  but  owing  to 
the  intermediate  cylinder  being  rather  too  large, 
the  equalities  of  temperatures  and  of  initial 
stresses  are  disturbed;  and  the  drop  of  the  steam 
pressure  in  the  intermediate  cylinder  is  exces- 
sive, in  consequence  of  the  steam  velocity  being 
too  great 

In  Table  II.  is  given  a  comparative  statement 
of  results  from  an  approximately  similar  trio  of 
boats  in  the  same  trade  and  under  the  same 
management,  on  a  round  voyage  to  Java  under 
average  conditions.  The  triple  engines  in  the 
Jacatra  are  of  the  same  general  design  as  those 
in  the  Para^  but  of  greater  power;  the  com- 
pounds in  the  two  other  boats  are  of  the  ordi- 
nary type. 
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Tabids  II. 

Comparative  Results  from  Three  Steamers  with  Compound 
and  with  Triple  Expansion  Engines, 

Name  of  screw  steamer Pellinger.  Padang.  Jacatra 

Length,  feet  and  inches 286    2  300    o  314    o 

Breadth,  feet  and  inches 35    o  37    o  37    9 

Draught,  feet  and  inches 20    3  21    9  21    6 

Dead  weight  carried,  tons 2,600  3iOoo  3,^ 

Type  of  engines Compound.  Compound.  Triple. 

Boiler  pressure,  lb.  per  square  inch  .70  76  .  140 

Speed,  knots  per  hour 9  93^  10 

Indicated  horse  power,  total 600  790  890 

Coal  consumption  per  day.  t'^ns  .  .  .         155^  18  i3j^ 

Ditto  per  I.  H.  P.  per  hoiii.-.  lb 2.19  2.1^  1.41 

Quality  of  coal  used German.  Cardiff.  Mixed. 


The  design  of  the  triple  engines  of  the  Union 
Company's  screw  steamer  African  and  Messrs. 
Glover  Brothers'  screw  steamer  Shakespear  dif- 
fers from  that  in  the  Para  ^xA  Jacatra  in  having 
the  valves  situated  over  the  condenser,  thus 
doing  away  with  the  exhaust  belt  around  the 
low  pressure  cylinder,  and  giving  a  free,  open 
front  to  the  engines;  all  the  working  parts  are 
thereby  rendered  easily  accessible,  with  every 
facility  for  overhauling.  The  expanded  dia- 
grams taken  from  the  Shakespear  under  average 
working  conditions  have  already  been  referred 
to.  The  equalities  of  temperatures,  initial 
stresses,  and  powers  are  as  near  as  it  is  practi- 
cally possible  to  get  them ;  and  this  result  has 
been  obtained  by  carefully  considering  the  vari- 
ous points  which  influence  the  efficiency  of  the 
engine.  The  expanded  diagrams  taken  on  the 
trial  trip  of  the  African  in  Stokes  Bay  show 
1,086  horse  power,  developed  at  85  >^  revolutions 
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per  minute.  They  thus  prove  that  there  is  a 
sacrifice  of  weight  in  triple  engines  when  mak- 
ing no  more  than  60  revolutions  per  minute, 
inasmuch  as  the  power  developed  at  66  revolu- 
tions per  minute  by  the  duplicate  engines  of  the 
Shakespear  is  much  less,  namely,  871  horse 
power.  The  expanded  diagrams  from  the  origi- 
nal compound  engines  of  the  Union  Company's 
screw  steamer  Anglian  were  taken  under  average 
conditions  on  a  voyage  to  the  Cape.  The  mean 
consumption  of  coal  per  day  over  eight  voyages 
was  24  tons,  or  about  2.  i  lb.  per  indicated  horse 
power  per  hour.  The  compound  engines  were 
of  the  ordinary  two-cylinder  type,  the  valves 
being  directly  over  the  screw-shaft,  and  driven 
by  the  usual  link  motion.  Diagrams  were  taken 
on  a  trial  trip  after  the  engines  had  been  converted 
to  triple  expansion;  and  on  her  voyage  to  the 
Cape,  the  average  speed  being  exactly  the  same 
as  in  the  eight  voyages  above  referred  to,  the 
coal  consumption  was  one- third  less,  namely, 
16  tons;  and  as  she  is  placed  on  a  foreign  station 
where  the  cost  of  fuel  is  about  $10  per  ton,  the 
economy  of  the  conversion  is  obvious.  The 
method  of  converting  consisted  in  replacing  the 
old  high  pressure  cylinder  by  a  new  intermedi- 
ate cylinder,  and  adding  a  new  high  pressure 
engine  complete  on  the  forward  end  of  the 
screw-shaft,  the  high  pressure  and  intermediate 
valves  being  driven  by  sliding-block  gear.     By 
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arranging  the  valve  casings  at  the  side  of  the 
high  pressure  and  intermediate  cylinders,  the 
distance  fore  and  aft  over  the  present  engines  is 
very  little  more  than  before,  although  the  power 
is  now  sufficient  to  drive  the  vessel  one  knot  an 
hour  faster  than  her  former  maximum  speed. 
The  original  compound  engines  of  the  Orient 
Company's  screw  steamer  Lusttanta  were  of  the 
two-cylinder  type,  with  an  expansion  valve  on 
the  high  pressure  cylinder.  The  diameters  of 
the  cylinders  were  58  and  103  inches,  with  a 
stroke  of  4  feet;  and  the  boiler  pressure  was  55 
lb.  per  square  inch.  The  diagrams  were  taken 
under  ordinary  working  conditions  on  a  voyage 
from  London  to  Sydney,  the  average  daily  con- 
sumption being  52  tons  of  Welsh  coal.  The 
old  cylinders  were  afterward  replaced  by  new 
ones,  and  a  high  pressure  engine  was  added 
complete,  its  valve  being  worked  by  swinging 
link  gear.  By  arranging  the  intermediate  and  low 
pressure  slide  valves  between  the  intermediate 
and  low  pressure  cylinders,  the  old  gear  was  util- 
ized; and  by  reducing  the  valve  casings  to  modem 
proportions,  the  distance  lengthwise  over  all  the 
three  new  cylinders  is  one  foot  less  than  before. 
Subsequent  diagrams  represent  the  piesent  aver- 
age working  conditions  of  the  engines,  the  in- 
creased power  propelling  the  vessel  at  a  much 
higher  speed.  The  coal  consumption  at  this 
power  is  about  50  tons  per  day;  but  traveling  at 
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the  former  speed,  the  consumption  is  reduced 
from  52  tons  to  37  tons;  so  that,  allowing  eighty 
steaming  days  for  a  return  voyage  to  Australia, 
the  saving  of  coal  is  1,200  tons,  while  the  cargo- 
carrying  capacity  is  largely  increased.  The 
foregoing  results  represent  a  fair  average  of  those 
obtained  from  thirty  triple  expansion  engines, 
all  of  the  three-crank  type,  which  have  been 
designed  by  the  writer  during  the  last  three 
years;  and  are  sufficient  to  prove  that  this  kind 
of  engine  is  most  efficient,  and  is  undoubtedly 
the  engine  of  the  future. 

Artificial  Draught  for  Boilers. — ^The  next  step 
in  marine  engineering  is  probably  the  applica- 
tion of  artificial  draught  to  boiler  furnaces. 
Expanded  diagrams  were  taken  from  the  en- 
gines of  the  screw  steamer  Stella^  belonging  to 
Messrs.  Herskind  &  Woods,  between  Hartlepool 
and  Dover,  on  her  voyage  to  Bombay;  and  as  a 
steady  boiler-pressure  is  always  maintained,  the 
engine  power  may  be  considered  as  constant. 
The  average  speed  between  port  and  port  from 
Hartlepool  to  Bombay  was  fully  9  knots  per 
hour,  the  dead  weight  carried  was  3,680  tons, 
and  the  daily  consumption  of  North  Country 
coal  was  13.6  tons.  This  performance  is  very 
remarkable,  when  the  dimensions  of  the  ship 
are  considered,  namely,  length  302  feet,  breadth 
38  feet,  and  displacement  coefficient  as  high  as 
0.77.     The  special  features  of  the  arrangement 
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are  the  method  employed  for  heating  the  air 
both  outside  and  inside  the  uptake,  and  the 
application  of  balanced  firedoors,  which  on  being 
opened  shut  oflF  automatically  the  hot  air  sup- 
plied by  the  fan,  both  above  and  below  the  fire 
bars.  This  is  the  first  application  of  artificial 
draught  to  the  boilers  of  triple  expansion  en- 
gines; and  should  the  results  fiilfiU  expectations, 
there  is  little  doubt  that  the  plan  will  be  ex- 
tensively adopted,  as  being  yet  another  step 
toward  economy  of  fuel. 


CHAPTER  V. 

CYLINDER  RATIOS    OK   TRIPLE    EXPANSION  EN- 
GINES. * 

Whenever  the  steam  pressure  exceeds  loo 
lbs.  gauge,  the  triple  expansion  engine  is  used, 
while  the  tendency  is  toward  quadruple  expan- 
sion when  the  pressure  exceeds  170  lbs. 

Existing  practice  in  proportioning  the  cylin- 
ders of  triple  expansion  engines  is  given  in  Table 
I  (page  89).  In  it  the  particulars  of  eighty 
engines  of  recent  design  are  given,  the  engines 
being  grouped  according  to  boiler  pressures. 
The  tendency,  as  shown,  is  toward  an  increase 
in  piston  speed  and  boiler  pressure,  and  a  conse- 
quent decrease  in  weight  and  first  cost  of  ma- 
chinery. Equal  work  should  be  performed  in 
each  cylinder,  uniform  rotative  eflFort  secured, 
and  low  initial  strains  in  all  moving  parts  ob- 
tained«  These  can  be  nearly  obtained  by  divid- 
ing the  work  among  three  or  more  cylinders,  as 
in  the  triple  expansion  engine,  and  by  the  use 
of  variable  expansion  valves  and  balanced  rota- 
tive parts. 

When  the  piston  speed  varies  from  750  to 
1,000  feet  per  minute,  the  following  cylinder 

*  Whitman. 

(83) 
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ratios  are  recommended  as  the  result  of  a  study 
of  Table  I.  (the  terminal  pressure  of  steam  in  the 
large  cylinder  being  about  lo  lbs.  absolute),  viz: 

CYII^NDBR  RATIOS  RECOMMENDED  FOR  XRIPI^E-EXPANSION 

ENGINES. 


Boiler  Pressure 

CYI^INDER    RATIOS. 

(Gauge.) 

Small. 

Intermedi- 
ate. 

Large. 

130 
140 

150 
160 

I 
I 
I 
I 

2.25 
2.40 

2.55 
2.70 

5.00 

5.85 
6.90 

7.25 

170  and  upwards—quadruple-expansion  engine 
to  be  used. 

Two  methods  of  ascertaining  the  diameter 
of  pistons  will  now  be  given. 

I.  Annular  Ring  Method. — In  Pig.  3  lay  down 
a  theoretical  indicator  diagram  of  a  simple 
engine  for  the  particular  expansion  desired. 
Lay  oflF  the  back-pressure  line  as  shown.  By 
trial  find  (with  the  polar  planimeter  or  otherwise) 
the  position  of  the  lines  D  E  and  F  G  such  that 
the  areas  marked  ''A''  ''B''  and  *'C,"  are  re- 
spectively  equal.  Find  the  mean  ordinate  of 
each  area:  that  of  **C"  will  be  the  mean  unbal- 
anced pressure  on  the  small  piston;  that  of  ''^" 
will  be  the  mean  unbalanced  pressure  on  the 
area  remaining  after  subtracting  the  area  of  the 
small  piston  from  that  of  the  intermediate;  and 
that  of  the  area  ''-4 ''  will  denote  the  mean  un- 
balanced pressure  on  a  square  inch  of  the  annual 
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ring  of  the  large  piston  obtained  by  subtracting 
the  intermediate  from  the  lar^  piston.  We 
thus  see  that  the  mean  ordinates  of  the  two 
lower  cards  act  on  annular  rings. 


Fig.  3. 

I«t  H^  area  of  H.  P.  Piston  in  square  inches. 

Let  /^=  area  of  Intermediate  Piston  in  square  inches, 

Let  L  ^area  of  L.  F.  Fbton  in  square  inches. 

Let  A^mean  unbalanced  pressure  per  square  inch  from 
card  "C." 

Let  Pi  ^mean  unbalanced  pressure  per  aqnare  inch  from 
card  "B." 

Let  i¥=mean  unbalanced  pressure  from  card  "A." 

T^et  S^  piston  speed  in  feet  per  minute. 
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{/.//. P.)  =  indicated  horse-power  of  engine.    Then  for 
equal  work  in  each  cylinder  we  have : 

(/.  ff.  P.) 

33000  X  ^ 

Area  of  small  piston  =//= 3  ,    v 

pkXS     '  ^^'> 

Area  of  annular  ring  of  -^       33000  X      — ' — 
intermediate  cylinder     /  = -? 

Area  of  intermediate  piston 

(/.  H.  R) 
=  7  =  ^+330000^— £^ 

piXS 
Area  of  annular  ring  of  large  piston 

(/.  H.  P) 
_33oooX^^ ; ' 


.(2.) 


piXS 
Area  of  large  piston 

=  Z=/+330ooX— ^— 

piXS         '  ^3-) 

This  method  is  illustrated  by  the  following: 

Example-,  Given  /.  H,  /I  =3000,  piston  speed 
8=900  feet  per  minute,  ratio  of  expansion  10, 
initial  steam  pressure  at  cylinder  127  lbs.  abso- 
lute, and  back  pressure  in  large  cylinder  4  lbs. 
absolute.  Find  cylinder  diameters  for  equal 
work  in  each  (Fig.  3). 

The  mean  ordinate  of  *'C"  is  found  to  be  /i 
=  37.414  per  square  inch. 

The  mean  ordinate  of  '*^"  is  found  to  be  Pi 
=  15.782  lbs.  per  square  inch. 
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The  mean  ordinate  of  "yl "  is  found  to  be  /J 
=  11.730  lbs.  per  square  inch. 

Then  by  (i),  (2),  and  (3),  we  have — 

w  3000 

•^= 3_=b98o  sq.  in.,  diameter  35 Ji'^ 

37.414  X  900 

3000 

/=  980  +  ^ 3_  __  2303  sq.  in.,  diameter  65'^ 

15- 782  X  900 

w  3000 

^  =  3303+ 3   =6432  sq.  in.,  diameter  <f>%'^, 

11.730  X  900 

2.  ^^Drop^'*  Method. — In  Fig.  4  lay  down  a 
theoretical  card  as  in  Fig.  3.  Choose  cylin- 
der ratios  from  the  table  of  recommended 
values.     (Page  84.) 

Draw  FG^  DE^  ^vAJKin  these  ratios,  divid- 
ing the  diagram  in  three  parts,  **-^,"  **^,"  and 
**C"  Round  off  the  corners  so  as  to  make  the 
figure  conform  as  nearly  as  possible  to  the  com- 
bined card  from  an  engine  of  this  type.  The 
waste  spaces  are  due  to  ''drop,"  condensation, 
etc.  The  mean  ordinate  of  this  combined  card 
will  give  the  mean  unbalanced  pressure  on  a 
square  inch  of  the  large  piston,  as  if  all  work 
had  been  done  in  its  cylinder.  With  this  find 
the  area  of  the  piston  necessary  for  all  the  work. 
Divide  this  area  of  piston  by  the  cylinder  ratio, 
thus  obtaining  the  area  of  each  piston,  as  fol- 
lows: 

Example:  Given   data  of  previous  example, 
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and  cylinder  ratios  of  i  to  2.25  to  5.00,  find  di- 
ameter of  each  cylinder  (Fig.  4.) 


Fig.  4. 

The  mean  ordinate  of  the  combined  card  is 
measured  to  be  17.5  lbs.,  hence 
Area  of  large  piston 

=  i  =  ^^5^^^  =  6^86  sq.  in.,  diameter  89 Ji". 

Area  of  intermediate  piston 

^ '^  —    ■    ■  ^  2829  sq.  in.,  diameter  60"- 

Area  of  small  piston 
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=  H  = 


"57  »q- 


.,  diameter  40". 


The  results  obtained  by  the  two  methods  ac- 
cord quite  closely.  The  main  point  to  be  con- 
sidered is:  How  large  shall  tlie  L.  P.  cylinder 
be?  The  H,  P.  cyl.,  and  /.  P.  cyl.  may  iave 
almost  any  values  provided  variable  expansion 
valves  are  used. 

CYLINDER  RATIOS  FOR  TRIPLE  EXPANSION 

ENGINES. 

Tabls  I. 

Showing  Cylinder  Ratios  qf  Triple-Exfiansion  Engines /or 

Variatioits  in  the  Boiler  Pressure. 


nj^*?.  .1 : : : : 

BuGblo  .  ^  !  '  '  i  ^ 
BIcville 

Altmorc.  '.'.'.'.'. 
Cotmopolitan  .  .  . 

Guff  of  Sum. '.  '.  '. 

H«la      

Mexican 

Pacifiqnc 

AihenW ; ; : ; : 

Birkball 

Ctty  of  Mncoln  .  . 

Etna  ...■;;;;: 

Spattan 

Avnage cyl.THtios for  tfatbi.  boili 


'S& 

" 

■9  b 

It 

»i 

« 

5 

j 

H 

i 

il 

it 

i 

6.13 

fi 

If 

":& 
9.S7 

160 

160 

160 

i& 
161 

'1060 

ST" 
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Cylinder 


cylinder 
tCBtioa. 


■B 


ia 


Aller 

TraiiB-Pacific  '.  '.  '. 
Carmartlimshire  . 
Libra 

Westmoteland . .  . 
Rt^al  Prince . .      . 


GtBDtullyCasUe  . 
Ocean  King.  ,  . 

Avttage  cyl.Tatios  for 


xe  cyl.  ratios /or  1(5 


Bramble 

Liiard  

Rattler 

Wasp 

Rattlesnake.  .  .  . 

Coromandel '.'.'.'. 

Average  cyl.  ratios /i>r 


I 

S 
li 

S3 

t 
S 

S 

lbs.  boiler  pres, 

■SKIJT   I   4>|    ; 


U31 
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CYLINDER  RATIOS  FOR  TRIPLE  EXPAKSION 
ENGINES.— OwWuBft/. 


Average  cyl.  ratio  fot  135  Ibt.  boiU 


Average  cyJ.rafiot  fot  lyi  Ibi,  beiU*  pta-i 


CHAPTER  VI. 

CAI.CUI.ATION  OF  WORK  DONE  IN  A  CX>MPOUND 

ENGINE.  * 

In  the  working  of  a  compound  engine,  where 
the  small  cylinder  exhausts  into  the  large  one, 
the  work  done  in  a  stroke  depends  on  the  size  of 
the  large  cylinder,  and  is  the  same  as  that  which 
would  be  performed  in  a  single  cylinder  of  the 
same  content,  by  expanding  to  the  same  extent 
from  a  like  initial  pressure. 

This  proposition  is  easily  proved,  and  any  one 
may  satisfy  himself  that  it  is  approximately  true 
by  examining  a  well-formed  indicator  diagram 
as  taken  from  a  compound  engine. 

Referring  to  Fig.  5,  which  is  from  an  engine 
having  a  high-pressure  cylinder  18  inches  in 
diameter,  with  a  6-feet  stroke,  and  a  low-pres- 
sure cylinder  of  36  inches  in  diameter,  with  a 
stroke  also  of  6  feet,  the  number  of  revolutions 
being  34  per  minute. 

Since  the  lengths  of  stroke  are  the  same,  and 
the  areas  of  the  pistons  are  as  i  to  4,  it  follows 
that  the  indicator  diagram  marked  A^  as  taken 
from  the  high-pressure  cylinder,  would  be  re- 
duced to  the  same  scale  as  that  from  the  low- 

*  Goodeve. 

(93) 
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pressure  cylinder  marked  B,  if  we  supposed  the 
diameter  of  the  latter  cylinder  to  be  36  inches 
and  the  stroke  {  feet,  or  one-fourth  of  that  which 
it  really  is. 


Fig.  5. 

This  result  is  set  out  in  Fig.  6 

The  diagram  marked  A  is  reversed  in  position 
and  repeated  on  the  right-hand  side  by  measur- 
ii^  off  a  series  of  horizontal  lines,  such  as  c  d, 
and  making  c  d  equal  yi^  C  Dm  every  case. 


\—^s 


In  this  way  the  upper  shaded  area  represents 
the  work  done  in  the  high-pressure  cylinder  as 
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it  would  appear  on  the  scale  adopted  in  the  low- 
pressure  cylinder.  The  bottom  shaded  area  is 
merely  a  repetition  of  the  area  B. 

When  the  two  diagrams  are  put  together,  it 
will  be  seen  that  the  two  portions  of  the  expan- 
sion curves  fit  very  fairly  or  run  into  one,  and 
that  the  expansion  commenced  above  d  is  car- 
ried on  throughout  the  stroke. 

It  will  be  noticed  that  there  is  a  little  want  of 
similarity  between  this  diagram  and  Pig.  7. 
Here  the  steam  line  in  b  is  horizontal  at  first, 
and  then  slopes  downwards. 

That  it  is  horizontal  at  all  is  owing  to  some 
peculiarity  in  passing  the  steam  from  one  cylin- 
der to  the  other,  as  there  should  be  the  slope  of 
an  expansion  curve  throughout.  But  any  devia- 
tion from  theoretical  proportions  does  not  affect 
the  general  inference  to  be  drawn  from  the  two 
diagrams  when  viewed  together,  and  we  see  that 
the  expansion  which  has  occurred  in  the  high- 
pressure  cylinder  might  very  well  have  taken 
place  in  the  low-pressure  cylinder,  as  something 
which  preceded  the  actual  expansion  therein. 

ENGINES  WITH  CRANKS  AT  RIGHT  ANGLES. 

For  many  purposes  it  is  enough  to  have  an 
engine  with  a  single  steam  cylinder,  or  an  equi- 
valent engine,  with  a  pair  of  cylinders  acting  as 
one  only;  but  on  the  other  hand,  there  are 
numerous  instances  where  two  engines  should  be 
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placed  side  by  side  and  work  cranks  at  right 
angles  to  each  other. 

This  is  particularly  the  case  in  applying  steam- 
power  where  it  is  of  consequence  to  preserve  the 
rotative  pressure  on  the  crank  as  nearly  uniform 
as  possible,  and  to  maintain  a  smooth  and  even 
motion;  or  again  in  marine  engines,  for  conven- 
ience of  starting  in  any  position,  the  same  rule 
would  hold;  and  before  proceeding  further  it  may 
be  useful  to  point  out  the  reason  for  the  greater 
uniformity  of  rotative  pressure  which  is  a  conse- 
quence of  working  with  a  pair  of  cranks  at  right 
angles. 


Fig.  7. 

That  the  variations  of  tangential  pressure  on 
the  crank  of  a  direct-acting  engine  are  repre- 
sented by  the  vertical  lines  on  a  diagram  similar 
to  that  shown  by  the  dotted  curve  b  /  in  Fig.  7. 
Putting  a  series  of  such  curves  end  to  end,  we 
obtain  a  graphical  indication  of  the  fluctuations 
of  tangential  pressure  during  the  working  of  an 
engine  with  one  cylinder. 

^  The  force  is  zero  at  dead  point,  and  rises  to 
f  e^  its  greatest  value,  after  which  it  sinks  again 
to  zero. 
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But  if  there  be  a  pair  of  cranks  at  right  angles, 
a  second  series  of  diagrams  of  rotative  pressures 
must  be  superposed  upon  the  first  series,  as  shown 
by  the  second  set  of  dotted  curves,  whereof  one 
portion  is  marked  b  e^  and  the  final  result  is 
exhibited  by  the  upper  line,  not  dotted,  which 
is  obtained  by  adding  together  the  pairs  of  ordi- 
nates  at  each  point     For  example: 

N  M+M  R=M  S. 
A  B+A  B=A  C. 
E  f4-0=E  F. 

The  greater  uniformity  of  rotative  force  is 
apparent,  and  it  would  be  improved  by  cutting 
off"  at  half  stroke  in  each  cylinder,  for  then  the 
curve  b  e  would  be  hollowed  out  and  reduced, 
while  the  part  b  f  would  be  unaflfected,  and  the 
upper  resultant  wavy  line  would  become  more 
nearly  horizontal. 

By  proceeding  in  this  manner  it  is  easy  to  set 
out  a  diagram  of  the  rotative  pressure  upon  the 
cranks  of  any  pair  of  engines  working  under 
given  conditions. 

In  applying  these  principles  to  direct-acting 
engines,  where  two  cranks  at  right  angles  are  to 
be  connected  with  the  cylinders,  there  are  differ- 
ent methods  for  adoption,  each  of  which  has  its 
advocates.  One  plan  very  commonly  met  with 
has  been  to  place  the  high  and  low  pressure 
cylinders  in  pairs,  with  their  axes  in  the  same 
straight  line,  so  that  one  piston  rod  serves  for 
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both.     Thus,  in  marine  engines,  with  the  cylin- 
ders vertical,  there  may  be: — 

(i)  The  high-pressure  cylinder  above  the  low- 
pressure  cylinder. 

(2)  The  low-pressure  cylinder  at  the  top. 

(3)  The  low-pressure  cylinder  encasing  the 
high-pressure  cylinder. 

But  in  each  of  these  cases,  as  also  in  compound 
horizontal  engines,  it  is  usual  to  confine  the  ex- 
pansion to  one  pair  of  cylinders. 

THE  USE  OF  AN  INTERMEDIATE  RECEIVER. 

In  another  class  of  compound  engines  there 
are  two  cranks  at  right  angles,  but  only  one 
cylinder  connected  with  each  crank. 

Here  each  cylinder  forms,  as  it  were,  an 
engine  complete  in  itself;  the  cylinders  (called 
A  and  B,  as  before)  are  placed  side  by  side,  and 
are  of  equal  length;  and  the  point  to  be  noticed 
is,  that  the  pistons  in  A  and  B  no  longer  move 
together,  but  that  one  leads  the  other  by  half  a 
stroke. 

It  is  clear  that  the  mode  of  exhausting  at 
once  from  A  into  B  is  no  longer  applicable,  and 
that  some  special  method  of  distributing  the 
steam,  different  from  anything  that  we  have  yet 
seen,  must  be  arranged. 

The  diflSculty  arises  from  the  fact  that  the 
directions  of  motion  of  the  pistons  cross  each 
other,  whereby,  for  example,  when  the  piston  in 
9 
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A  is  at  the  end  of  its  stroke  and  about  to  ascend, 
that  in  B  is  in  its  middle  position  and  is  descend- 
ing. 

In  order  to  get  over  this  obstacle,  Mr.  Cowper 
has  proposed  to  place  an  intermediate  receiver 
between  the  cylinders  A  and  B^  which  shall  act 
as  an  exhaust  reservoir  for  the  steam  coming 
from  A^  and  as  a  boiler  for  the  steam  going  into 
B.  It  appears  that  engines  with  a  receiver  have 
worked  well  in  practice,  but  it  seems  difficult  to 
justify  the  use  of  this  arrangement  by  a  strict 
reference  to  the  principle  of  the  theory  of  heat. 

A  general  idea  of  the  arrangement  of  the  en- 
gine  proposed  by  Mr.  Cowper  may  be  gathered 


Fig.  8. 

from  the  Fig.  8,  where  the  cylinders  A  and  B 
are  placed  side  by  side,  and  the  high-pressure 
cylinder  A  is  enveloped  in  a  steam  receiver  or 
reservoir,  marked  C,  the  content  of  which  is 
perhaps  three  times  that  of  A. 

In  a  working  engfine  on  this  plan,  steam  (say 
at  70  lbs  pressure)  would  enter  A  and  be  cut  off 
at  half-stroke;  it  would  thus  expand  and  finally 
exhaust  itself  into  the  receiver,  where  the  pres- 
sure would  vary  from,  say,  10  lbs.  to  14  lbs. 
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The  receiver  would  supply  steam  for  the  low- 
pressure  cylinder  B^  just  as  if  it  were  the  boiler 
of  an  ordinary  engine,  and  the  pressure  of  the 
steam  in  C  would  fall  to  10  lbs.  when  the 
demand  upon  it  was  made,  but  would  rise  to  14 
lbs.  when  fresh  steam  entered  it  from  A.  The 
temperature  of  the  steam  in  the  jacket  surround- 
ing A  is  therefore  much  below  that  of  the  en- 
tering steam,  which  is  so  far  a  departure  from 
the  old  practice. 


CHAPTER  VIL 

TO  FIND  THE  HORSE  POWER  OF  SIMPI.E,  COM- 
POUND AND  TRIPI.E  EXPANSION  ENGINES, 

It  is  customary  to  assume  the  expansion  curve 
to  be  a  rectangular  hyperbola;  and  for  the  first 
approximation  we  calculate  the  horse-power  of 
a  compound  or  triple  expansion  engine  of  any 
sort  as  if  the  total  expansion  occurred  in  the 
cylinder  or  cylinders  that  exhaust  into  the  con- 
denser. Consequently,  it  is  the  large  or  low- 
pressure  cylinder  only  which  enters  into  the  cal- 
culations.  The  initial  steam  pressure  in  the 
large  cylinder  we  assume  to  be  the  same  as 
that  in  the  small  cylinder  or  the  cylinder  into 
which  the  steam  from  the  boiler  first  enters, 
and  then  expanded  to  the  extent  at  which  it 
enters  the  condenser.  Here,  then,  we  must 
know  the  rate  of  expansion,  and  when  that  is 
known,  we  must  find  the  mean  effective  pres- 
sure. After  this  has  been  found,  we  apply  the 
well-known  rule  for  determining  the  /.  H.  P. 

PLAN' 

of  any  simple  engine,  namely:—— ^^  in  which 

P  =  mean  effective  steam  pressure  in  pounds 
per  square  inch;  L  —  length  of  stroke  in  feet; 

(lOO) 
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A  =  area  of  piston  in  square  inches;  and  N 
the  number  of  strokes  per  minute,  which  is 
equal  to  the  number  of  revohitions  per  minute 
multiplied  by  2.  Since,  to  find  the  mean  effec- 
tive pressure  may  be  or  appear  to  be  the  most 
difficult  part  of  the  calculation,  it  will  be  best  to 
give  an  example  in  which  the  mean  effective 
pressure  is  found  when  the  initial  steam  pressure 
and  the  number  of  expansions  are  known,  with- 
out any  reference  to  the  size  of  cylinders.  Ex- 
ample: Let  the  initial  steam  pressure  be  80 
pounds,  or  80  -t-  14.7  =  94.7  absolute  pressure, 
and  let  the  pressure  of  the  steam  at  the  time  it 
is  exhausted  into  the  condenser  be  15.78  pounds 
absolute;  back  pressure  4  pounds.  What  will 
be  the  mean  effective  pressure  per  square  inch, 
neglecting  the  effect  of  clearance  and  compres- 
sion? Our  first  step  will  be  to  find  the  number 
of  expansions,  thus:  Divide  the  absolute  initial 
pressure  by  the  absolute  pressure  at  which  the 
steam  is  exhausted;    the  quotient  will  be  the 

number  of  expansions,  hence,  ^'^^  =  6  expan- 
sions. To  find  the  mean  effective  pressure,  pro- 
ceed as  follows:  Look  for  the  number  of  expan- 
sions (6)  in  the  table  of  hyperbolic  logarithms  + 1 
and  opposite  it  will  be  found  2.792;  multiply 
this  number  by  the  absolute  initial  pressure, 
which  will  give  a  product  of  2.792  X  94.7  = 
264.4024;  divide  this  product  by  the  number  of 
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expansions;  the  quotient  will  be  the  m^anpres-^ 
sure  per  square  inch;  ^— j^— ^  =  44.06  4:  pounds. 

Subtracting  the  back  pressure,  we  have  a  mean 
effective  pressure  of  44.06  pounds.  In  a  similar 
way  we  may  find  the  mean  effective  pressure  of 
any  compound  engine. 

Example  2.  The  large  or  low-pressure  cylin- 
der of  a  compound  engine  is  30  inches;  stroke, 
4  feet;  number  of  revolutions  per  minute,  60; 
the  mean  effective  pressure  has  been  found  to 

be  40.06  pounds  per  square  inch;  find  the  indi- 

PLAN 
cated  horse-power.     Applying  the  rule       ^^^  = 

I.  H.  P.,  and  remembering  that  the  area  of  a 
piston    30    inches    diameter  is    706.86    square 
inches,  we  have 
40.06  y  4  X  706.86  X  60  X  2  .  ,.    .^  . 

-^^ =412  indicated  horse-power. 

A  great  deal  of  calculating  can  be  dispensed 
with  by  using  Table  on  page  105  to  find  the 
mean  effective  pressure,  and  table  in  Appendix 
to  find  area  of  piston  or  cylinder. 


CHAPTER  VIII. 


TO  FIND  THE  MEAN  PRESSURE. 

Divide  the  length  of  the  stroke  by  the  length 
of  the  space  into  which  the  steam  is  admitted; 
find  in  the  table  the  logarithm  of  the  number 
nearest  to  the  quotient,  to  which  add  i — the  sum 
is  the  ratio  of  the  gain;  then  find  the  terminal 
pressure  by  dividing  the  initial  pressure  by  the 
proportion  of  the  stroke  during  which  the  steam 
is  admitted,  and  multiply  it  by  the  logarithms 
+  I,  found  as  above;  the  product  will  be  the 
mean  pressure  through  the  stroke. 


No. 

I/Ogarithm. 

No. 

Logarithm. 

No. 

Logarithm. 

1.25 

.22314 

5. 

1.60943 

9.5 

2.25129 

1.5 

.40546 

5.25 

1.65822 

10. 

2.30258 

1-75 

.55961 

5.5 

1.70474 

II. 

2.39789 

2. 

.69314 

5.75 

1.74919 

12. 

2.48490 

2.25 

.81093 

6. 

1.79175 

13. 

2.56494 

2.5 

.91629 

6.25 

1.83258 

14. 

2.63905 

2.75 

1.01160 

6.5 

1.87180 

15. 

2.76805 

3. 

1.09861 

6.75 

1.90954 

16. 

2.77258 

325 

1. 17865 

7. 

1. 94591 

17. 

2.83321 

3.5 

1.25276 

7.25 

1.98100 

18. 

2.89037 

3.75 

1.32175 

7.5 

2.01490 

19. 

2.94443 

4. 

1.38629 

7.75 

2.04769 

20. 

2.99573 

4.25 

1.44691 

8. 

2.07944 

21. 

3-04452 

4.5 

1.50507 

8.5 

2.14006 

22. 

3.09104 

4.75 

1.55814 

9. 

2.19722 
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Example  i.  Suppose  the  length  of  the  stroke 
to  be  48  inches,  the  initial  pressure  to  be  40 
pounds  per  square  inch,  and  the  steam  to  be  cut 
oflF  at  12  inches  of  the  stroke,  what  will  be  the 
mean  pressure? 

48 -5- 12  =  4.  Hyp.  log.  of  4,:=  1.38629+1= 
2. 38629.  Then  40  -j-  4  =  10  X  2. 38629  =  23. 8629 
pounds,  the  mean  pressure  required. 

Example  2.  Suppose  the  length  of  the  stroke 
to  be  36",  initial  pressure  to  be  50  pounds  per 
square  inch,  and  the  steam  to  be  cut  oflF  at  9"  of 
the  stroke,  what  will  be  the  average  pressure? 

36 ^ 9  =  4.  Hyp.  log.  of  4  ==  1.38629  -f  I  = 
2.38629.  Then  50 -i-  4  =  12.5  X  2.38  =  29.75, 
mean  pressure  required* 

This  is  correct  without  taking  the  clearance 
into  account 

With  the  clearance  added,  the  mean  pressure 
would  be  slightly  greater. 

Or  2d,  by  means  of  the  following  table.  The 
pressures  per  table  are  15  pounds  greater  than 
the  pressure  that  would  be  shown  by  a  correct 
steam-gauge. 

In  the  *' Average  Pressure"  no  deduction  is 
made  for  back-pressure.  Deducting,  say  six 
pounds  for  a  condensing  engine,  we  have  the 
mean  eflfective  pressure. 

For  example  it  is  required  to  find  the  power 
of  an  engine  twenty  inches  diameter  of  cylinder, 
running  at  a  piston  speed  of  600  feet  per  minute^ 
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admitting  steam  of  seventy  pounds  pressure,  by 
gaugey  to  the  cylinder,  and  cutting  oflF  at  a 
quarter  stroke.  Add  fifteen  to  seventy  to  find 
the  absolute  pressure;  then  against  eighty-five 
and  under  a  quarter  cut-oflF  the  average  pressure 
is  found  to  be  50.65  pounds.  This,  less  six 
pounds,  44.65  pounds  is  the  mean  effective  pres- 
sure condensing. 

MSAN  PRSSSURS  OP  STEAM  AT  DIPFSRBNT  RATES 

OP  EXPANSION. 


1 

Average  pressure  in  pounds  per  square  inch  for 

"ein  p< 
re  inch 

the  whole  stroke. 

§1 

Points  in  the  stroke  at  which  steam 

is  cut  off. 

1 

A 

A 

\ 

A 

i 

A 

A 

A 

40 

13-21 

20.87 

23.86 

26.22 

29.67 

30.66 

33.86 

36.14 

45 

14.86 

23.48 

26.84 

29.73 

33.38 

34.89 

38.09 

40.66 

50 

16.51 

26.09 

29.82 

33.03 

37.07 

38.32 

42.32 

45-18 

55 

18.12 

28.57 

32.86 

36.67 

40.83 

42.08 

46.47 

49.91 

60 

19.79 

3102 

35.77 

39-23 

44.49 

45.98 

50.73 

54.41 

65 

21.49 

33.84 

38.71 

42.98 

48.35 

49.89 

54.98 

58.96 

70 

23.18 

36.43 

41-73 

46.22 

52.00 

53.52 

59.07 

63.25 

75 

24.72 

39.00 

44.82 

49.53 

55.73 

57.36 

63.38 

68.00 

80 

26.41 

41.66 

47.75 

52.88 

59.41 

61.13 

67.47 

72.45 

85 

28.02 

44.08 

50.65 

56.14 

63.17 

65.00 

71.84 

77.00 

90 

29.69 

46.89 

53-73 

59.43 

66.94 

68.83 

76.00 

81.47 

95 

31.34 

49-37 

56.62 

62.81 

70.52 

72.68 

80.16 

86.00 

100 

3303 

52.00 

59-63 

66.01 

74.23 

76.47 

84.37 

90.57 

110 

36.41 

57.46 

65.87 

72.97 

81.82 

84.12 

93-00 

99-95 

120 

39.77 

62.50 

71.84 

79.44 

89.10 

91.98 

101.44 

108.63 

130 

43-OI 

67.85 

77-49 

86.00 

96.55 

99.47 

110.00 

117.89 

140 

46.32 

73.00 

83-38 

92.51 

104.00 

107.21 

118.36 

126.77 

150 

49.73 

78.11 

89.12 

99.04 

111.63 

114.56 

126.89 

136.00 

M   I 


CHAPTER  IX. 


SLIDK  VAI^VES. 


This  is  a  branch  of  the  subject  deserving  the 
special  attention  of  the  engineer. 

Its  importance  in  regard  to  the  economical 
working  of  the  steam  engine  cannot  be  over- 
estimated. 

The  slide  valve  ordinarily  used  in  steam 
engines,  and  the  manner  of  its  operation,  are 
well  known  to  nearly  every  practical  mechanic 
and  engineer.  It  will  be  remembered  that  the 
operations  of  admitting  the  fresh  steam,  and  re- 
leasing the  waste  steam,  are  alternately  per- 
formed by  the  same  valve  and  the  same  motion. 

The  valve  being  made  to  slide  backwards  and 
forwards  upon  the  face  of  the  ports,  opens  and 
closes  the  several  passages  in  their  turn. 

The  two  extreme  ones,  called  the  steam  ports, 
communicate  with  each  end  of  the  cylinder. 

The  middle  one  is  called  the  exhaust  port,  and 
its  corresponding  passage  terminates  in  a  pipe 
open  to  the  atmosphere. 

Steam  is  admitted  freely  into  the  steam  chest 
from  the  boiler,  and  the  valve  is  made  of  suflScient 
length  to  cover  all  the  ports,  when  it  is  placed  in 
the  centre  of  the  stroke. 

(io6) 
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When  it  is  in  this  position  no  steam  can  enter 
the  cylinder,  but  as  the  valve  moves  on  one  of 
the  ports  opens,  the  arrangement  of  the  valve 
gearing  being  such  that  when  the  piston  is 
ready  to  begin  its  stroke,  the  steam  port  begins 
to  open. 

During  the  stroke  of  the  piston,  the  valve  not 
only  travels  to  the  end  of  its  stroke,  but  also  re- 
turns to  the  point  from  whence  it  set  out,  and 
its  continued  motion  in  the  same  direction 
finally  closes  the  port  and  prevents  any  further 


Fig.  9. 

admission  of  steam.  The  steam  has  now  done 
its  work,  and  must  be  removed.  In  the  middle 
of  the  valve  a  hollow  chamber  is  formed  of  suflS- 
cient  length  to  open  between  the  ports. 

As  soon  as  the  edge  of  this  chamber  passes 
the  edge  of  the  steam  port,  the  pent-up  steam 
finds  vent  and  rushes  through  the  exhaust  port 
and  escapes  through  the  exhaust  pipe  into  the 
atmosphere. 

Now  looking  at  Fig.  9  it  will  be  noticed  that 
the   exhaust  port  opens  when  the  steam   port 
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closes,  and  that  both  happen  just  at  the  end 
of  the  stroke. 

The  perfection  of  a  steam  valve,  other  things 
being  equal,  consists  in  the  degree  of  nicety  with 
which  its  motion  is  timed  relatively  to  the  mo- 
tion of  the  piston. 

The  functions  of  the  piston  are  absolutely  de- 
pendent upon  the  proper  timing  of  the  admission 
and  release  of  the  steam.  A  very  slight  and  ap- 
parently trifling  error  in  the  adjustment  produces 
a  most  serious  effect  upon  the  consumption  of 
fuel.  If  from  any  cause  the  valve  should  open 
to  admit  steam  for  a  fresh  stroke  before  the  pre- 
ceeding  stroke  is  finished,  it  opens  too  soon,  and 
an  unnecessary  resistance  to  the  piston  is  pro- 
duced. 

If,  on  the  other  hand,  the  valve  should  delay 
its  opening  until  the  piston  had  begun  its  re- 
turn, it  opens  too  late,  because  thus  the  steam 
has  to  fill  uselessly  the  space  left  vacant,  and 
hence  a  waste  of  steam,  and  a  loss  of  power. 

As  far  then  as  the  admission  of  steam  is  con- 
cerned, it  is  a  necessary  condition  that  the  steam 
ports  should  open  neither  before  nor  after,  but  at 
the  precise  moment  when  the  stroke  commences. 
Some  engineers  recommend  giving  the  valve 
'*lead"  as  it  is  termed,  that  is  to  say,  setting  it 
so  as  to  open  a  little  before  the  end  of  the  stroke, 
but  it  is  an  open  question  whether  the  slightest 
advantage  is  gained  by  so  doing  to  a  greater  ex- 
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tent  than  is  necessary  to  compensate  for  any 
slackness  or  lost  motion  in  the  valve  gearing,  or 
for  their  expansion  when  heated  by  the  steam, 
and  A  of  an  inch  is  quite  sufficient  in  a  well- 
constructed  engine. 

It  is  also  an  open  question  whether  it  would 
not  be  better  to  bring  the  piston  to  a  state  of 
rest  by  the  * 'compression"  of  tlie  exhaust  steam 
than  by  means  of  any  lead  to  the  steam  valve  at 
all. 

Now  the  valve  shown  in  Fig.  9,  ratifies  the 
conditions  for  the  admission  of  the  steam:  it 
opens  exactly  at  the  right  time,  the  steam  begins 
to  enter  as  the  piston  begins  to  move,  as  it  fol- 
lows it  steadily  and  effectively  throughout  the 
stroke.  Whatever  time  the  piston  takes  for  its 
journey,  the  steam  is  allowed  as  much  time  to 
follow  it  At  first  the  opening  is  small,  but 
then  the  motion  of  the  piston  is  comparatively 
slow,  and  therefore  the  supply  keeps  pace  with 
the  demand. 

As  respects  the  release  of  the  steam  when  the 
stroke  has  been  completed,  the  performance  of 
this  valve  is  altogether  unsatisfactory,  and  here 
lurks  the  cause  of  the  difference  in  the  perform- 
ance of  the  old  and  the  later  engines.  But  it 
may  be  said  that  the  release  does  appear  to  take 
place  at  the  right  time,  because  it  occurs  just 
when  the  piston  has  finished  its  stroke,  and  if  it 
were  to  occur  before,  a  loss  of  power  would 
ensue. 
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This  is  a  very  plausible  view  of  the  case,  and 
the  one  which  delayed  for  years  the  saving  of 
fuel  which  has  since  been  effected. 

SuflScient  attention  was  not  bestowed  upon 
what  was  going  on  in  the  cylinder,  or  upon  the 
facts  which  might  have  indicated  it;  to  fill  and 
empty  a  cylinder  full  of  steam  being  operations 
requiring  time. 

The  time  required  for  filling  the  cylinder  with 
steam  necessarily  corresponds  with  the  duration 
of  the  stroke,  whatever  its  duration  may  be. 
But  this  cannot  be  the  case  as  regards  the  sec- 
ond operation — emptying  of  the  cylinder. 

This  ought  to  be  performed  in  an  instant^  or 
otherwise  the  steam  continues  pent  up  when  it 
ought  to  be  liberated,  when  it  ought  to  assume 
its  minimum  pressure — the  pressure  of  the  at- 
mosphere— and  exerts  an  injurious  counter-pres- 
sure against  the  piston,  tending  to  increase  the 
resistance  to  be  overcome.  To  effect  the  free 
and  rapid  discharge  it  is  necessary  not  merely  to 
open  the  communication  to  the  exhaust  pipe,  but 
to  open  a  wide  passage  and  to  have  this  done  by 
the  time  the  piston  commences  the  return  stroke. 

The  valve  alluded  to  cannot  accomplish  this, 
its  motion  being  gradual,  not  instantaneous,  as 
it  should  be. 

The  passage  only  begins  to  open  when  the 
piston  is  in  turn,  and  it  is  not  wide  open  until 
the  piston  has  travelled  through  one-tenth  of  its 
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entire  stroke.  The  steam  in  the  cylinder  is  re- 
strained from  escaping,  being,  as  it  were,  wire- 
drawn in  the  passage  out,  and  consequently 
takes  considerable  time  to  assume  the  pressure 
of  the  atmosphere.  In  the  meanwhile  the  new 
stroke  has  begun  and  been  partly  completed,  and 
so  far  the  piston  has  had  to  contend  with  a  re- 
sistance altogether  illegitimate,  a  resistance  in 
many  cases — especially  at  high  speeds — nearly 
equal  to  all  the  other  resistances  put  together. 
It  was  not  until  the  year  1838  that  the  true  cause 
of  the  trouble  was  suspected,  and  a  remedy  ap- 
plied. 

It  had  been  thought  before  that  time,  that 
giving  an  engine  lead  tended  to  improve  its 
speed  when  already  running  at  a  high  rate. 

This  was  attributed  to  the  opening  of  the 
steam  port  being  wide  at  the  commencement  of 
the  stroke,  thereby  increasing  the  facility  for  the 
entrance  of  the  steam  in  following  up  the  piston. 

Its  true  explanation  was  found  to  be  the  ear- 
Her  release  of  the  waste  steam  and  consequent 
diminution  of  resistance.  As  sometimes  three- 
eighths  of  an  inch,  or  even  one-half  of  an  inch 
*4ead"  was  given  to  high-speed  engines,  it  was 
decided  to  try  the  eflfect  of  opening  the  exhaust 
passage  earlier  by  the  same  amount,  while  the 
steam  port  should  still  be  made  to  open  only  at 
the  beginning  of  the  stroke. 

An  engine  was  chosen  for  the  experiment  the 
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valve  of  which  resembled  Pig.  lo,  placing  the 
valve  on  the  ports  so  as  to  allow  the  exhaust 
passage  to  be  three-eighths  of  an  inch  open,  the 
steam  port  at  the  same  time  to  be  one-quarter  of 
an  inch  open.  This  space,  therefore,  was  closed 
by  adding  to  the  length  of  the  valve  at  each  end 
one-quarter  of  an  inch. 

The  eccentric  was,  of  course,  shifted  on  the 
shaft  to  correspond  with  the  alteration,  and  the 
engine  with  the  altered  valve  (see  Fig.  lo)  again 
set  to  work. 


It  is  almost  useless  to  say  the  saving  of  fuel 
was  very  great.  The  amount  by  which  the 
valve  at  each  end  overlaps  the  steam  ports  (see 
Fig.  lo),  when  placed  exactly  over  them  is 
technically  termed  the  *'lap."  The  lap  of  the 
valve  being  three-eighths  of  an  inch,  the  exhaust 
passage  was  about  three-eighths  of  an  inch  open 
when  the  stroke  was  finished. 

LAP. 

The  importance  of  putting  lap  upon  a  slide 
valve  will  be  better  understood  by  noting  what 
would  happen  without  it. 


SLIDE  VALVES. 


"3 


If  there  were  no  lap  the  opening  for  steam 
would  be  represented  hy  O  D  (see  Fig.  ii),  and 
the  result  would  be  that  the  steam  port  could 
only  be  perfectly  closed  at  the  precise  instant 
when  the  valve  was  in  the  middle  of  its  stroke, 
and  moving  rapidly.  From  what  has  been  said 
it  is  apparent  that  a  valve  of  this  kind  (one  with- 


Fig.  in 

out  lap)  is  unsuitable  for  an  engine,  the  better 
plan  being  that  the  steam  should  be  compressed 
or  cushioned  on  one  side  of  the  piston,  so  as  to 
assist  in  bringing  it  to  a  state  of  rest,  and  that 
the  driving  pressure  on  the  opposite  side  should 
be  relieved  by  opening  a  passage  to  the  exhaust, 
or  releasing  the  steam  just  before  the  stroke  ter- 
minates. 
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This  prevents  the  violent  jerk  and  strain 
which  would  come  upon  the  crank-pin  if  the 
steam  were  thrown  with  full  force  upon  the 
piston  when  the  crank  is  on  the  centre.  The 
value  of  an  indicator  diagram  in  interpreting  the 
action  of  a  slide  valve  can  now  be  made  clear. 

Referring  to  Fig.  ii,  it  will  be  noticed  that  the 
moving  parts  are  attached  to  a  board  carrying  a 
sheet  of  paper  on  which  the  circles  describing 
the  centres  of  the  crank-pin  and  centre  of  eccen- 
tric- are  recorded,  and  below  this  is  a  space  for- 
tracing  the  indicator  diagram. 

The  crank  and  connecting  rod  which  actuate 
the  piston  are  at  the  back,  but  an  index  arm  O 
H  is  placed  in  front,  and  moves  with  the  crank, 
thereby  transferring  its  apparent  motion  to  the 
part  where  it  can  be  seen.  The  eccentric  is  re- 
presented by  an  actual  crank,  O  P^  whose  ex- 
treme end  describes  the  smaller  circle,  and  the 
rod  P  L  carries  on  the  motion  of  the  valve. 

The  point  P  can  be  shifted  along  the  arm  O 
7)  thereby  varying  the  amount  of  travel  of  the 
si  de,  and  the  length  of  the  rod  P  L  can  also  be 
ad  usted.  In  this  way  the  effect  produced  by  any 
deviation  from  the  proper  length  of  the  eccentric 
rod  can  be  studied.  We  are  now  prepared  to 
trace  out  the  diagram  as  given  by  an  indicator. 

The  crank  being  horizontal  with  the  piston 
at  the  end  of  its  stroke,  the  first  thing  to  be  done 
is  to  place  the  valve  in  the  correct  position  for 
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admitting  steam,  by  setting  back  O  Pnntil  the 
lap  is  allowed  for. 

The  valve  then  opens,  and  if  the  pressure  of 
the  steam  be  sufficiantly  maintained,  the  indica- 
tor pencil  will  trace  the  line  A  B. 

When  the  crank  gets  to  the  end  of  the  first 
dotted  line,  A  is  closed,  expansion  begins,  the 
pressure  falls,  and  we  have  the  expansion  B  C. 

At  the  point  marked  ** release"  the  valve  is 
moved  so  far  to  the  left  as  to  open  a  passage 
from  A  to  C,  and  the  release  of  the  steam  (ex- 
haust) begins.  The  pressure  falls  from  C  to  I*\ 
and  continues  very  low  till  the  point  marked 
''compression"  is  reached,  when  B  closes,  and 
the  steam  in  the  corresponding  end  of  the  cylin- 
der is  "cushioned"  so  as  to  increase  its  pressure, 
the  pencil  rising  from  Mto  A  when  the  double 
stroke  has  been  completed.  The  object  and 
effect  of  putting  "lap"  upon  a  valve  are  two- 
fold: 

ist,  to  give  a  free  release  to  the  exhaust  steam, 
and  2d,  to  produce  a  fixed  amount  of  expansion. 

The  "lead,"  of  which  mention  has  been 
made,  is  outside  lead,  that  is,  it  relates  to  the 
admission  of  the  steam;  but  of  course,  "lead" 
can  be  given  to  the  exhaust  side  of  the  valve,  in 
which  case  it  is  called  inside  lead. 

The  four  principal  points  in  the  valve  motion 
are:  ist,  the  admission  of  the  steam;  2d,  the 
cut-off;  3d,  the  release  or  exhaust;  and,  4th,  the 
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compressiom  or  cushioning  of  the  steam  behind 
the  piston. 

PISTON- VALVES. 

Piston  valves  are  merely  circular  slide  valves, 

and  all  that  is  said  about  slide  valves  pertains  to 

them  as  well  as  the  common  flat  slide-valve  in 

general  use. 


Fig.  12.— The  Piston  Sude-Valvb. 

No  system  of  balance  slide-valves  has  yet  been 
tried  which  has  given  entire  satisfaction;  some, 
indeed,  produce  more  resistance  than  they  have 
been  designed  to  reduce,  and  the  best  cannot  be 
depended  on  for  any  very  long  period  when  ex- 
posed to  the  pressure  of  high-temperature  steam. 
The  area  of  opening  of  port  is  restricted  when 
only  a  common  locomotive  slide-valve  is  used, 
and  its  extensions  magnify  the  evil  which  relief 
frames  are  supposed  to  cure.  It  has  been  ob- 
served that  circular  valves  of  the  mushroom  type 
do  not  work  well  in  fast  running  engines,  al- 
though they  give  a  good  opening  to  steam.     To 
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combine  the  advantages  of  the  two  systems  the 
piston  valve  is  designed  (Fig.  12).  The  port 
area  is  nearly  three  times  that  of  a  flat  valve  of 
the  same  dimension  transversely,  and  the  pres- 
sure on  the  sides  due  to  the  steam  is  nil.  Es- 
sentially, the  piston  valve  consists  of  two  pis- 
tons, the  face  of  each  being  equal  in  length  to 
the  bars  of  a  locomotive  slide  valve,  and  con- 
nected by  a  rod.  These  pistons  are  fitted  into  a 
cylindrical  chamber  having  ports  corresponding 
to  those  in  the  cylinder  face;  the  faces  of  the 
piston  cover  these  ports,  and  have  the  same 
amount  of  lap,  etc.,  as  a  common  valve.  Steam 
is  admitted  outside  the  pistons,  and  it  ex- 
hausts from  the  cylinder  into  the  space  between 
them,  and  from  there  into  the  exhaust  passage 
in  the  usual  way. 

When  the  pistons  are  sufficiently  large  they 
are  connected  by  a  pipe  or  hollow  casting  (as 
shown  in  Fig.  12),  through  which  steam  can 
pass  from  one  end  to  the  other;  if  this  cannot  be 
accomplished,  the  two  ends  of  the  valve-case  are 
connected  by  a  pipe  cast  with  or  connected  to  it. 
Small  engines,  when  fitted  with  such  valves, 
have  them  in  their  simple  fortn,  the  pistons 
being  plain  brass  discs  of  the  required  thick- 
ness, generally  cast  in  one  piece.  Such  a  form 
would  suit  all  sizes  of  engines,  if  always  work- 
ing at  full  speed;  but  when  standing  or  running 
slow,  the  leakage  past  the  valve,  when  it  was 
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worn,  would  soon  be  so  considerable  as  to  cause 
serious  loss  and  make  the  engine  very  unhandy. 
To  avoid  this  it  is  usual  to  pack  the  pistons 
much  in  the  way  that  ordinary  pistons  are 
packed,  except  that  the  junk-rings  and  flanges 
are  chamfered  away,  and  the  packing  rings  are 
made  to  project  from  them  so  as  to  allow  free 
passage  to  the  steam.  The  spring-rings  are 
made  of  strong  cast  iron,  or  bronze  with  stiff 
cast  iron  lining  rings  inside  them,  and  since, 
owing  to  the  very  slight  velocity  at  which  the 
valve  moves,  the  wear  is  small,  the  rings  should 
have  very  little  set  or  spring.  The  liners  in  the 
valve-box  are  usually  made  of  cast  iron  (hence 
bronze  packing  rings),  fitted  tightly  in  and:' 
secured  by  flanges. 

There  are  diagonal  bars  across  the  ports  to  act 
as  retaining  guides  to  the  packing  rings;  these 
bars  are  usually  from  }i  to  i%  broad,  and  take 
away  about  a  third  of  the  gross  portway.  The 
passage  way  around  the  liner  must  be  so  de- 
signed as  to  allow  due  area  of  section  for  the 
passage  of  steam;  and  to  economize  space,  and 
reduce  the  clearance  space,  they  are  eccentric  to 
the  liner  and  valve.  To  avoid  the  chief  defect 
in  these  valves — ^viz.,  large  clearance  space — the 
valve  should  be  long  so  that  its  ports  are  nearly 
in  line  with  those  at  the  cylinder  bore. 

Piston  valves  are  now  becoming  very  general, 
and  experience  of  them  has  given  the  necessary 
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confidence  for  their  more  extended  use.  For 
steam  of  a  pressure  over  100  lbs.  they  have  be- 
come a  necessity,  and  they  may  be  used  with 
advantage  for  the  high-pressure  cylinder  for 
pressures  down  to  75  lbs.  Some  manufacturers 
use  them  for  the  low-pressure  cylinder,  but  few 
engineers  will  care  to  incur  the  expense  of  them 
for  a  purpose  where  they  are  generally  quite  un- 
necessary.    {Seaion,) 


CHAPTER  X. 

PROPORTIONING  PORTS  AND  SI.IDE  VALVES. 

The  following  is  a  simple,  direct  and  compre- 
hensive method  of  proportioning  ports  and  slide 
valves  for  engines  of  any  diameter  of  cylinder 
and  variation  of  piston  speed;  also  of  getting  the 
proper  throw  of  valve,  together  with  the  time  of 
opening  and  closing  of  exhaust. 

In  nearly  all  rules  given,  it  is  supposed  that 
either  the  lap  or  travel  of  valve  is  first  known. 
Now,  the  lap  and  travel  of  valve  determine  the 
port  openings,  and  either  of  them  affects  the  port 
openings.  But  they  2X^oi  first  importance^  in- 
stead of  being  treated  as  secondary. 

The  first  thing  to  be  considered,  in  designing 
an  engine,  is  the  amount  of  work  it  is  to  per- 
form; after  this,  the  size  of  cylinder,  together 
with  the  piston  speed,  steam  pressure,  and  point 
of  cut-off*. 

Suppose  it  is  decided  that  the  cylinder  should 
be  i6"  diam.  by  30"  stroke,  the  piston  to  travel 
500  ft.  per  minute=ioo  revolutions,  and  the 
cut-off"  to  take  place  at  5^  stroke.  This  engine 
would  give  90  H.  P.  As  the  port  openings 
must  be  in  proportion  to  the  size  of  cylinder,  to- 
gether with  the  speed  of  piston,  they  should  next 

(120) 
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be  found.  We  may  get  their  area  from  Porter's 
rule — that  steam,  in  entering  a  cylinder,  should 
never  be  required  to  travel  faster  than  300  ft  per 
second. 

In  consideration  that  longer  ports  require 
larger  valves  and  wider  ports  more  travel,  either 
of  which  creates  more  friction,  it  will  be  seen 
that  port  openings  may  be  made  too  large  as  well 
as  too  small.  We  believe  as  good  a  rule  as  can 
be  followed,  for  plain  slide  valve  engines,  is  to 
suppose  the  piston  to  move  at  a  uniform  speed; 
the  port  to  be  at  full  opening  all  the  time  dur- 
ing admission,  and  velocity  of  steam  soo  ft  per 
second. 

The  rule  is: 

Multiply  the  area  of  cylinder  in  inches  by  the 
speed  of  piston  in  feet  per  minute,  and  divide 
the  product  by  12000.  This  will  give  the  area 
in  square  inches  required  for  **live ''  steam, 

500X200 


12000 


=  8.3  square  inches. 


The  exhaust  steam  should  not  have  to  travel 

faster  than  no  ft  per  minute.     Make  the  steam 

port  one  inch  wide,  as  shown  in  Fig.  13,  and 

uncover  it  ^"  by  the  **wing''   of  the  valve. 

This  is  the  full  linear  opening  for  '*live  "  steam 

while  the  exhaust  has  one  inch  linear  opening. 

Divide  the  area  8.3  by  ^,  which  gives  11  inches 

as  the  length  of  port.     The  exhaust  ** throat" 

should  be  2"  wide,  for  the  reason  that  the  slide 
11 
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the  exhaust  side  and  no  lead  on  the  steam  side. 
Neither  is  the  angularity  of  the  connecting  rod 
taken  into  account  But  the  latter  has  nothing 
to  do  with  the  travel  of  valves  or  the  proportions 
of  valves  and  seats,  but  should  be  considered  in 
setting  of  valves. 

By  this  simple  process  we  have  the  following: 

Cylinder  16^^  x  y/^  Tluow  of  valve  3'^ 

No.  revolutions  100.  Lap  outside  }{^^ 

Cut-off,  1^  stroke.  Full  port  opening  }(^^ 

Steam  ports  i^^  x  11'^  Angular  advance  of  eccentric 

Exhaust  port  2'^  x  11^^  30° 

Length  e/offace  (Fig.  13)  2^^  Linear  advance  ^^^ 

Bars  )(^^  Exhaust  closure  2.2''^ 


CHAPTER  XL 

UNK  MOTION  VALVE  GBAR.  * 

The  common  form  of  motion  employed  to 
work  the  valves  of  a  screw  engine  consists  es- 
sentially of  two  eccentrics  keyed  on  the  crank- 
shaft in  such  a  position  relative  to  the  crank  that 
when  one  is  operating  on  the  valve,  the  engine 
will  propel  the  ship  ahead  and  is  said  to  be  in 
head-gear^  and  when  the  other,  the  engine  will 
propel  the  ship  stern  first  and  is  said  to  be  in 
stern-gear^  their  rods  feeing  connected  by  a  bar 
or  bars  on  which  is  a  block  to  which  the  valve 
spindle  is  attached.  This  bar  connection  is 
called  the  link,  and  is  of  such  a  form  that  by 
sliding  it  through  the  block,  the  A^a^/  or  stern 
eccentric  may  at  pleasure  be  brought  to  operate 
on  the  valve. 

In  designing  a  link  gear,  the  most  important 
objects  are  to  give  the  valve  such  motions  as 
shall  cause  it  to  open  to  steam  slightly  before 
the  piston  is  at  the  end  of  its  stroke,  the  amount 
by  which  it  is  open  at  the  end  of  the  stroke,  or 
commencement  of  the  next  stroke,  being  called 

*Seaton. 
(125) 
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the  lead  of  the  valve;  to  then  open  fully,  and 
close  at  the  required  period  of  the  stroke  of  the 
piston  called  cut-off;  to  confine  the  steam  during 
the  remaining  portion  of  the  stroke,  so  as  to  ex- 
pand in  the  cylinder,  and  at  or  near  the  end  of 
the  stroke  to  allow  the  steam  to  escape  from  the 
cylinder,  called  exhaust;  to  close  the  port  again 
before  the  end  of  the  stroke,  so  that  the  piston 
compresses  the  steam  remaining  in  the  cylinder 
and  port.  These  operations  should  be  effected 
with  the  expenditure  of  as  little  power  as  possi- 
ble, and  with  this  end  in  view  the  motion  of  the 
link  should  be,  as  far  as  possible,  limited  to 
moving  the  valve  only;  consequently  the  link 
itself  should  have  no  sliding  motion  longitudi- 
nally, called  slotting  motion^  in  the  block,  but 
only  the  angular  motion  due  to  the  two  eccen- 
trics. A  perfect  valve  motion  is  such  that  the 
valve  opens  to  steam  wide  immediately  the  crank 
has  passed  the  dead  centre^  and  remains  open 
during  the  admission  of  steam,  so  that  there  is 
no  wire-drawing;  the  valve  closes  suddenly,  and 
remains  closed  during  expansion;  at  the  end  of 
the  stroke  it  opens  wide  to  exhaust,  and  remains 
in  that  state  during  the  whole  period  of  exhaust, 
and  at  the  end  of  it  closes  suddenly,  and  remains 
closed  till  opening  again  to  steam.  This  is  not 
obtainable  with  the  ordinary  link  motion,  nor 
to  its  full  extent  with  any  motion  when  one 
valve  only  is  employed  for  both  ends  of  the  cyl- 
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inder,  because  the  period  of  cut-oflF  at  one  end 
does  not,  as  a  rule,  correspond  to  the  period  of 
compression  at  the  other  end;  but  there  are 
valve  gears  which  have  two  periods  of  very  quick 
motion  and  two  of  very  slow  in  each  cycle, 
which  very  closely  fulfil  the  above  conditions, 
and  which  will  be  noted  later  on. 

Slot  Link. — This,  which  is  one  of  the  oldest 
forms  of  link,  is  still  retained  by  many  engineers, 


Pig.  15. 

and  is  well  adapted  to  the  circumstances  of  sev- 
eral forms  of  engine,  such  as  the  oscillating 
paddle-wheel  engine,  and  all  engines  in  which 
there  is  not  direct  connection  between  the  eccen- 
tric rods  and  the  valve  rod,  and  also  in  some  of 
the  horizontal  engines  when  it  is  either  impos- 
sible or  inconvenient  to  have  direct  connection 
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Pig.  15  is  an  illustration  of  the  ordinary  slot 
link,  having  adjustment  for  the  sliding  block  and 
eccentric-pin  brasses.  Locomotive  engineers 
prefer,  as  a  rule,  to  have  the  pin-holes  fitted  with 
hard  bushes  rather  than  adjustable  brasses;  but 
this  opinion  is  not  shared  by  marine  engineers, 
and  chiefly  on  the  ground  that  in  a  foreign  port 
it  is  seldom  possible  and  never  convenient  to  en- 
gage the  services  of  workmen  and  tools  to  renew 
these  bushes  when  so  badly  worn  as  to  require 
renewal. 

This  kind  of  link  is  generally  suspended  from 
the  end  next  the  head-going  eccentric  rod,  at  a 
point  in  line  with  the  arc  through  the  block-pin; 
and  if  the  pin  in  the  lever,  which  operates  on 
the  link  to  reverse  it,  is  placed  in  the  proper 
position,  there  is  very  little  slotting  motion  in- 
deed when  working  in  Aead-geai.  The  same 
remark  applies  to  the  position  of  the  pin  when  in 
s^ern-gesiTy  except  that  the  amount  of  slotting 
motion  is  somewhat  greater  of  necessity;  but 
since  a  marine  engine,  as  a  rule,  works  but  very 
little  in  j/^r«-gear,  and  its  eflBiciency  there  is  of 
small  consideration  comparatively,  this  defect  is 
of  little  moment. 

Position  of  Suspension  Pin. — To  obtain  the 
best  position  of  lever  pin,  it  is  necessary  to  draw 
out  the  path  of  the  centre  of  pin  in  the  link  end 
through  one  revolution  of  the  engine  when  the 
link  has  no  slotting  motion.     The  path  so  found 
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is  like  an  attenuated  figure  8  in  head-gear,  and 
somewhat  more  pronounced  in  stem-gear.  The 
arc  of  a  circle  of  radius  equal  to  the  length  of  the 
suspension  or  bridle  rods,  is  then  drawn  through 
each  of  these  figures  in  such  a  way  that  there  is 
the  least  possible  deviation  of  the  figure  on  either 
side;  that  is,  the  arc  is  the  centre  line  of  the 
figure,  if  the  deviation  on  one  side  equals  that  on 
the  other.  The  centres  of  the  circles  to  which 
these  arcs  belong  should  be  the  centres  of  suspen- 
sion of  the  bridle  rods,  or  position  of  pin  in  re- 
versing lever  end.  By  drawing  arcs  of  circles 
of  radius  equal  to  the  length  of  the  reversing 
lever  from  these  two  centres,  the  points  of  inter- 
section are  the  two  possible  positions  for  the 
centre  of  weigh-shaft 

This  same  method  of  construction  is  suitable 
to  all  kinds  of  links,  and  for  all  positions  of  the 
point  of  suspension  of  the  link. 

When  it  is  necessary  that  the  motion  shall  be 
as  eflScient  in  head-gt^x  as  in  s^ern-geaXj  the  link 
should  be  suspended  from  a  point  in  the  line 
dividing  it  symmetrically,  and  by  preference  at 
the  intersection  of  this  line  with  the  arc  through 
the  centre  of  block-pin,  so  that  the  centre  of  sus- 
pension is  in  line  with  the  centre  of  block-pin 
when  in  mid-gear.  When  this  is  so,  the  pins 
for  suspending  the  link  are  on  side-plates  bolted 
to  the  sides  of  the  link. 

The  distance  from  centre  to  centre  of  eccen- 
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trie-rod  pins  should  not  be  less  than  two  and  a 
half  times  the  throw  of  the  eccentrics,  and  is 
usually,  when  space  permits,  two  and  three 
quarters  to  three  times.  The  throw  of  the  eccen- 
trics in  this  case  is,  of  course,  equal  to  the  travel 
of  the  valve  when  in  /ullgtan. 

Size  of  Slot  Link. — Let  D  be  the  diameter  of 
the  valve  spindle,  from  the  calculation 

\       12,000 

then, 

Diameter  of  block-pin  when  overhung  .  •  =  D. 

Diameter  of  block-pin  when  secured  at 
both  ends =  0.75  X  D. 

Diameter  of  eccentric-rod  pins =0.7    X  D. 

Diameter  of  suspension-rod  pins =  0.55  X  D. 

Diameter  of  suspension-rod  pin  when  over- 
hung   =  0.75  X  D. 

Breadth  of  link =  0.8  to  0.9  X  D. 

Length  of  block =  1.8  to  1.6  X  D. 

Thickness  of  bars  of  link  at  middle  .  •   .  =  0.7  X  D. 

If  a  single  suspension  rod  of  round  section, 
its  diameter =  0.7    X  D. 

If  two  suspension  rods  of  round  section, 
their  diameter =  o.55  +  D. 

The  objections  to  the  slot  link  are,  that  it  is 
an  expensive  one  to  make,  and  that,  owing  to 
the  eccentric  pins  and  the  block-pins  being  out 
of  line,  there  is  always  an  uneasy  motion  about 
the  block-pin,  and  more  slotting  motion  of  the 
block.  The  former  is  valid,  especially  when  the 
link  is  made  of  wrought  iron,  but  when  made  of 
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cast  steel  it  is  not  so  expensive  as  some  other 
forms.  The  nneasy  motion  is  often  dne  to  bad 
design,  for,  when  well  designed  and  carefully 
hung,  it  will  work  very  satisfactorily. 

Single  Bar  Link. — ^This  kind  of  link  consists 
of  a  single  solid  bar,  of  rectangular  section  gen- 
erally, and  having  the  eccentric  rods  connected 
to  each  end,  and  a  sliding  block  between,  to 
which  the  valve  spindle  is  connected.  This 
form  of  link,  although  tried  by  more  than  one 
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Fig.  16. 


eminent  firm  of  engineers,  has  gradually  been 
dropped,  notwithstanding  the  many  ingenious 
elaborations  devised  to  overcome  its  defects. 

Double  Bar  Links. — There  are  two  kinds  of 
double  bar  links;  one  (Fig.  16)  having  the 
eccentric-rod  ends,  as  well  as  the  valve-spindle 
end  between  the  bars,  so  that  the  travel  of  the 
valve  is  less  than  the  throw  of  the  eccentrics; 
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the  other  (Fig.  17)  has  the  eccentric  rods  formed 
with  fork  ends,  so  as  to  connect  to  stnds  on  the 
outside  of  the  bars,  and  thus  admits  of  the  block 
sliding  to  the  end  of  the  link,  so  that  the  cen- 
tres of  the  eccentric-rod  ends  and  the  block-pin 
are  in  line  when  in  full  gear. 

The  former  plan  is  cheaper  to  make,  is  sim- 
pler in  construction,  and  has  fewer  parts  to  get 
out  of  order  and  adjust;  and  when  adjustment  is 
required,  it  is  easier  to  make,  and  there  is  less 
chance  of  its  being  done  improperly.     When  in 


Fig.  17. 

Aead'geBTy  part  of  the  work  of  moving  the  valve 
is  done  by  the  slern-going  eccentric,  so  that  the 
wear  is  not  limited  to  the  one  eccentric  strap. 
When  properly  hung,  the  slotting  motion  is  ex- 
ceedingly small,  and  the  valve  motion  is  as  per- 
fect as  with  the  other  form.  The  objection  to  it 
is  that  the  eccentrics  are  larger  in  diameter  than 
those  with  the  other  links,  and  the  links  them- 
selves are  longer,  and  more  space  is  required  for 
the  eccentric  rods  to  move  in. 
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Size  of  Bar  Links. — ^Let  D  be  the  diameter  of 
valve  spindle,  found  as  before. 

Pig.  17,  distance  between  centres  of  eccentric 
pins,  3  to  4  times  throw  of  eccentrics. 

Depth  of  bars =  1.25  X  I>  H-  ^  inch. 

Thickness  of  bars =  0.5    X  D  +  X  "*ch. 

length  of  sliding  block =  2.5  to  3  X  D. 

Diameter  of  eccentric-rod  pins  .   .   .  =  0.8  X  D  4*  X  inch. 
Diameter  centre  of  sliding  block  .   .  :=  1.3  X  D. 

Fig.  17,  distance  between  eccentric  rod  pins 
zY^to  7,%  times  throw  of  eccentrics. 

Depth  of  bars =  1.25  X  D  +  >4  inch. 

Thickness  of  bars =  0.5    X  D  +  X  inch. 

Length  of  sliding  block =  2.5  to  3  X  D. 

Diameter  of  eccentric-rod  pins  .   .   .  =  0.75  X  D. 
Length  of  eccentric-rod  pins   .   .   .   .  = 

Diameter  of  eccentric  bolts  (top  end),  at  bottom  of  thread 
=  0.42  X  D  when  of  iron ;  and  0.38  X  D  when  of  steel. 

These  bars  should  be  of  a  very  good  descrip- 
tion of  iron  and  case-hardened,  or  of  steel;  the 
latter  is  of  course  free  from  seaminess  and 
stronger.  The  eccentric-rod  pins  of  this  kind  of 
link  (Fig.  17)  are  usually  forged  solid  with  the 
bars;  but  there  is  no  absolute  need  of  this,  and  it 
adds  very  much  to  the  cost,  both  of  manufac- 
ture and  renewal  when  worn.  Since  the  wear 
on  these  pins  is  limited  to  a  very  small  portion 
of  their  circumference,  it  is  not  unusual  to  file 
away  the  parts  which  are  not  subject  to  wear,  so 

as  to  admit  of  the  brasses  being  closed  when 
12 
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worn.  When  loose  pins  are  j&tted,  they  should 
be  steel,  and  hardened,  so  that  all  wear  may 
come  on  the  brasses  which  are  capable  of  adjust- 
ment 

In  another  arrangement  of  bar  link  motion, 
the  sliding  block  is  divided,  and  on  the  outside, 
while  the  eccentric-rod  ends  are  between  the 
bars.  This,  while  having  some  slight  advan- 
tages, is  on  the  whole  very  clumsy,  and  the 
block-pins  wear  badly;  besides  which,  the  link 
can  be  suspended  only  from  the  extreme  end. 


CHAPTER  Xn. 

VALVE  MOTION  DIAGRAM. 

The  practical  man  has  no  time  foi  fonniilas 
when  he  can  travel  (to  him)  a  mttch  straighter 
load  to  what  he  wants.  The  plan  is  simple,  and 
any  one  can  understand  why  he  does  this  or  that; 


he  knows  he  is  right,  and  he  has  no  conclusions 
to  jump  at. 
The  cntside  circle  (Fig.  i8)  is  the  crank-pin 
(135) 
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circle,  the  smaller  one  the  eccentric's  centre 
circle.  The  crank-pin  circle  is  divided  oflf  into 
the  inches  of  travel  of  piston,  by  a  tram  or  pair 
of  compasses  set  to  represent  the  rod's  length. 
►S  5*,  in  Fig.  18,  are  the  steam  ports,  E  the  ex- 
hanst  port,  and  XX  the  bridges.  Fig.  19,  is  a 
sectional  elevation  of  the  valve  divided  by  the 
line  a  d.  The  valve  drawing  is  cut  out  at  the 
line/*^,  and  placed  on  the  line  representing  the 
valve-seat. 

The  laps  and  lead  are  laid  off  (from  the  pin  C, 
the  valve  rod  running  directly  from  eccentric  to 


valve)  a  b  from  centre  of  circles,  a.  The  line  b  c 
is  erected  perpendicular  to  centre  line  F  C,  and 
through  where  it  cuts  eccentric  circle  at  ^  a  line 
is  drawn,  as  a  B.  This  line  is  the  centre  line  of 
eccentric,  and  the  angle  Ca  B — the  angle  formed 
by  eccentric,  and  crank  c.  This  angle  is  constant 
in  whatever  position  the  crank-pin  may  be. 

Place  the  valve.  Fig.  19,  on  the  seat  so  that 
line  d  a  coincides  with  line  c  by  and  you  have 
position  of  valve  when  crank  is  on  centre.  As 
the  crank  moves,  in  direction  of  arrow,  from  C, 
the  valve  moves  from  right  to  left,  and  back 
again,  till  right  hand  edge  of  valve  comes  to 
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edge  of  port,  z.  The  steam  is  now  cut  off,  and, 
to  find  position  of  crank-pin,  notice  that  the  line 
a  don  valve  cuts  the  centre  line,  FC^  at  *,  which 
extended  down  to  small  circle,  cuts  it  at  e.  The 
line  a  e  D  \s  now  evidently  the  centre  line  of 
eccentric.  Taking  the  distance,  ^ff  C,  in  a  pair 
of  compasses,  and  measuring  back  from  Z>,  we 
find  the  point  A^  which  is  the  position  of  the 
crank-pin  when  steam  is  cut  off.  The  figures  on 
the  large  circle  give  the  number  of  inches  trav- 
eled when  this  occurs.  The  valve  now  continues 
to  move  from  left  to  right  till  edge  of  exhaust 
cavity  g^  comes  to  edge  of  port  A,  when  the  ex- 
haust commences.  The  centre  line  on  valve  d  a 
now  cuts  line  FCbX,  a;  this,  extended  down,  cuts 
eccentric  circle  at  m.  A  line  am  j  G^  now  rep- 
resents the  centre  line  of  eccentric;  laying>off  the 
distance,  B  C,  from  G^  we  find  the  point  -^of 
crank-pin,  when  exhaust  commences.  The 
crank  now  travels  on  the  lower  half  of  its  circle. 
The  valve  continues  to  travel  from  left  to  right, 
opening  into  the  exhaust  until  the  edge  of  ex- 
haust cavity  again  comes  to  h  (edge  of  steam 
port,  the  valve  now  traveling  from  right  to 
left),  the  exhaust  is  closed  and  compression 
commences.  This  occurs,  as  before  stated, 
when  g^  on  valve,  comes  to  A,  on  ports;  the 
line  d  a^  on  valve,  then  cuts  the  line  F  C  dl 
Uy  and  the  line  a  i  K  represents  centre  line 
of  eccentric.     Lay  off  from  K  the  distance  B  C; 
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and  we  find  /,  the  position  of  crank  when  com- 
pression commences.  Similar  points  on  the  op- 
position stroke  can  be  found  by  commencing 
with  crank-pin  at  F  instead  of  C,  noting  that 
centre  line  of  eccentric  is  down  instead  of  up. 
If  the  eccentric's  motion  is  transferred  to  valve 
through  a  rocker  shaft,  the  lap  and  lead  must  be 
laid  off"  toward  the  crank-pin  instead  of  from  it 

These  points,  we  assume,  are  understood  by 
the  reader,  as  it  would  require  too  much  space 
to  explain  them  all.  The  irregularity  of  the 
valve's  motion  (more  expansion  occurring  on  one 
end  than  the  other)  can  be  ascertained  by  this 
diagram.  Unless  the  eccentric  rod  is  very  short, 
no  notice  may  be  taken  of  its  irregularity  due  to 
radius  (shown  in  line  b  r,  being  struck  from 
length  of  eccentric  rod),  as  it  is  so  little  that, 
generally,  a  straight  line,  as  ^  ^,  will  suJ05ce  for 
practical  purposes. 

We  trust  that  this  may  be  of  use  to  some  who 
have  worried  their  brains  with  impracticable 
formulas  and  diagrams,  produced  by  men  more 
scientific  than  practical,  and  which  resemble 
puzzles. 

MOTION  CURVES. 

The  laying  off  of  motion  curves  presents  to  the 
eye  all  of  the  movements  of  the  valve  at  a  glance. 
Fig.  20  shows  the  diagram  after  it  is  completed, 
ready  to  file  away  for  future  reference.  Eleva- 
tions of  the  ports  are  laid  out  to  a  scale  and  in 
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length  equal  to  the  stroke  of  the  piston,  with 
the  inches  marked  as  shown.  We  start  with  the 
valve  V,  as  shown  at  the  cominencemeiit  of  the 
stroke,   and,   by  means    of   Fig.    20,   get    the 
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position  of  the  valve  for  several  positions  of  the 
piston,  or  for  each  inch,  as  shown  at  a,  b,  c,  d. 
When  all  of  the  positions  are  obtained  and 
jotted  down  on  the  port  elevations,  a  curve  that 
cuts  them  all  is  drawn,  as  are  similar  curves  for 
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the  other  edges  of  the  valve.  The  opposite 
curves  can  also  be  laid  down,  and  the  movements 
of  the  valve  for  the  opposite  stroke  obtained.  In 
the  diagram  shown,  we  see  that  the  port  S'  was 
wide  open  at  A,  or  4^  inches  of  piston  travel; 
that  steam  was  cut  oJ0F  at  Cy  18  inches;  exhaust 
opened  at  /I  19^  inches,  and  compression  com- 
menced at  ^,  19^  inches  also,  the  valve  being 
"line  and  line.''  Other  points  can  be  obtained 
by  inspection,  and  the  diagram  forms  valuable 
data  for  the  builder  and  user. 


TABI,^  BY  WHICH  TO  FIND  THB  R^I^ATIVK  STATE  OF  PISTON 
AND  EXHAUST  AFTER  EXPANSION. 


steam  cut  off  at 
K  fi'omtheend 
of  the  stroke. 

Steam  cut  off  at 
yi  from  the  end 
of  the  stroke. 

Steam  cut  off  at 
^  from  the  end 
of  the  stroke. 

Steam  cut  off  at 
%  from  the  end 
of  the  stroke. 

Cover  on  the  exhausting  side  of 
the  valve  in  parts  of  the  length 
of  its  stroke. 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port before  it  is  shut 
(in  parts  of  the  stroke). 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port behind  it  is  opened 
(in  parts  of  the  stroke.) 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port before  it  is  shut 
(in  parts  of  the  stroke). 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port behind  it  is  opened 
(in  parts  of  the  stroke). 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port before  it  is  shut 
(in  parts  of  the  stroke). 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port behind  it  is  opened 
(in  parts  of  the  stroke). 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port before  it  is   shut 
(in  parts  of  the  stroke). 

Distance  of  the  piston  from  the 
end  of  its  stroke,  when  the  ex- 
hausting-port behind  it  is  opened 
(in  parts  of  the  stroke). 

0 

.178 

.130 

.113 
.029 

.033 
.060 

.073 
.092 

.143 
.100 

.085 

.067 

.019 
.040 
.051 
.067 

.109 

.171 
.058 

.043 

.008 
.022 

•033 
.043 

•093 
.058 

.043 
.038 

.004 
.015 
.023 

.033 
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Example  from  the  Table. — Suppose  an  engine 
with  a  stroke  of  six  feet,  or  72  inches,  and  the 
steam  cut  off  when  the  piston  is  one-third  from 
the  end  of  its  stroke,  the  cover  on  the  exhaust 
side  of  the  valve  being  i-32d  of  its  stroke,  the 
relative  position  will  be  the  following: 

In  a  line  with  i-32d  and  under  i-3d  is  .113 
and  .073;  therefore  .113X72=8.136  inches  the 
piston  is  from  the  end  of  the  stroke,  when  the 
exhausting-port  before  the  piston  is  shut,  and 
.073X72=5.256  inches  the  piston  is  from  the  end 
of  the  stroke,  when  the  exhausting-port  behind 
it  is  open. 

Table  by  which  to  ascertain  the  amount  of  lap  necessary  on 
the  steam  side  of  a  slide-valve  to  cut  the  steam  off  at  var^ 
ious  fractional  parts  of  the  stroke. 


To  cut  the  steam  off,  after  the  piston  has  passed  through 

\      -h      \      k      \      \      w 

of  its  stroke.    Multiply  the  given  stroke  of  the  valve  by 
.354        .323       -289       .250       .204       .177        .144 

and  the  product  is  the  lap  of  the  valve  in  terms  of  the 
stroke. 


Example. — Required  the  lap  necessary  to  cut 
the  steam  off  at  the  end  of  five-sixths  of  the 
stroke,  the  stroke  of  the  valve  being  twelve  in- 
ches, and  without  lead.    .204X12=2.448  inches. 

As  lead  is  not  taken  into  account  because  of 
different  quantities  being  required  to  different 
applications  of  the  steam-engine,  subtract  from 
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the  lap  half  the  lead;  the  remainder  is  the  lap 
required.  Thus,  suppose  the  lead  equal  .25-8-3 
=.125  and  2.448 — ^.125=2.323  inches,  the  lap 
with  one-fourth  inch  of  lead  as  given. 


CHAPTER  XIII. 

HOW  TO  SET  A  SI.IDE  VALVE. 

It  is  first  necessary  to  find  the  two  centres  for 
the  cross-head.  Ay  in  Fig.  21,  is  the  rim  of  the 
balance  wheel,  and  2?,  a  piece  of  wood  of  a 
length  to  reach  from  the  floor  or  foundation  to 
about  the  height  of  the  centre  of  the  shaft 
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Fig.  21. 


Fig.  22. 


On  the  guides  Ay  Pig.  22,  draw  a  line  ^,  at  or 
a  trifle  beyond  the  travel  point  of  the  cross-head. 
Measure  off  a  short  distance  (2,  3,  4  or  5  in.)  on 
the  guide  from  line  a,  and  draw  the  line  6. 
Place  the  cross-head  as  near  on  the  centre  as  can 
be  done  with  the  eye,  and  turn  the  shaft,  the 

(143) 
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crank-piu  travelling  up  till  the  cross-head  ar- 
rives flush  with  line  b^  as  shown,  B  being  the 
cross-head.  Then  with  the  stick' resting  on  the 
floor  or  foundation,  and  against  side  of  balance- 
wheel,  make  a  mark  a^  Pig.  21,  as  shown.  Now 
return  the  cross-head  to  the  centre,  turning  the 
shaft  in  an  opposite  direction  to  that  in  which  it 
was  first  moved,  till  the  pin  passes  the  centre  and 
travels  down,  and  the  cross-head  has  again  ar- 
rived at  line  ^,  as  shown  in  Fig.  22,  the  stick  B 
remaining  in  the  same  position,  another  line,  c^ 
may  now  be  drawn  flush  with  the  end  of  the 
stick. 

The  centre  between  a  and  c  may  now  be  found 
and  drawn,  as  b.  Now,  when  the  line  b  is 
brought  flush  with  the  end  of  the  stick  by  turn- 
ing the  shaft,  the  cross-head  will  be  on  the 
centre.  A  similar  operation  for  the  other  centre 
will  also  ascertain  it. 

The  length  of  the  eccentric  rod  is  next  in 
order,  and  should  be  lengthened  or  shortened  as 
the  case  may  be,  till  the  valve  opens  one  port 
about  or  nearly  as  far  as  the  other. 

While  doing  this  the  position  of  the  eccentric 
makes  no  difference,  and  may,  in  fact,  be  fast- 
ened anywhere. 

Having  approximated  the  correct  length  of 
the  rod,  place  the  engine  on  the  center  (either). 

The  direction  in  which  the  engine  is  intended 
to  run  being  known,  the  position  of  the  eccen- 
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trie  must  be  ascertaiped.  If  the  engine  has  a 
rocker-shaft,  the  full  part  or  belly  of  the  eccen- 
tric will  follow  the  crank-pin;  if  there  is  no 
rocker-shaft,  the  full  part  of  the  eccentric  will 
lead  the  crank-pin,  being  in  either  case  nearly 
at  right  angles  with  the  pin.  The  engine  being 
on  the  centre,  as  in  Fig.  23,  and  having  no 
rocker-shaft,  we  will  suppose  it  is  to  run  in  the 
direction  of  the  arrow.  As  the  eccentric  in  this 
case  leads  the  pin,  it  will  be  in  the  position  of  A. 


t 

o 

p 


Fio.  23. 

Now  adjust  it  till  the  required  lead  appears  at 
a,  fasten  it,  and  try  the  lead  when  the  engine  is 
on  the  other  centre. 

Whatever  difference  there  is  in  the  lead, 
lengthen  or  shorten  the  rod  till  the  lead  is 
equally  divided  on  both  ends,  not  moving  the 
eccentric  till  this  is  accomplished,  and  when  it  is, 
shift  the  eccentric  to  the  crank  if  there  is  too 
much  lead,  and  from  it,  if  there  is  not  enough. 

The  centre  of  the  eccentric  b^  will  then  be  thfe 
lap  and  lead  from  the  centre  line  c  c. 

If  the  engine  was  to  run  in  the  opposite  direc- 
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tion,  the  eccentric  would  occupy  the  position  of 
B.  That  the  position  A  is  the  correct  one,  is 
evident  from  inspection;  for  imagining  the  pin 
p  to  commence  and  travel  in  the  direction  of  the 
arrow,  it  is  evident  that  the  eccentric  A  will 
drive  the  valve  from  left  to  right,  opening  the 
port «  as  required. 

If  we  connect  the  valve-stem  to  eccentric  B^ 
and  suppose  the  pin  to  still  travel  in  the  direc- 
tion of  the  arrow,  the  eccentric  would  drive  the 
valve  from  right  to  left,  and  close  the  port  «, 
and  it  is  plain  that  B  is  not  in  the  correct  posi- 
tion for  the  direction  of  the  arrow. 

However,  if  the  engine  is  to  travel  in  the  op- 
posite direction,  it  at  once  becomes  evident  that 
B  is  in  the  correct  position  for  that  direction. 
In  either  case,  the  valve  occupies  the  same  posi- 
tion when  the  pin  p  is  on  the  centre. 

Locomotive  engineers  find  in  this  fact  an  ex- 
planation for  setting  a  slipped  eccentric  by 
throwing  the  reverse  lever  in  the  opposite  direc- 
tion to  the  slipped  eccentric,  marking  the  valve- 
stem,  throwing  the  lever  in  the  motion  for  the 
slipped  eccentric,  and  shifting  the  eccentric  till 
the  mark  on  the  valve-stem  reappears  in  the 
same  relative  position  as  when  it  was  made,  as 
the  valve ''occupies  the  same  position  when  the 
engine  is  on  the  centre,  whether  the  engine  runs 
forward  or  backward. 

By  examining  Fig.  24  it  will  be  seen  that  the 
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rocker-shaft  makes  all  the  difference  in  the 
world;  in  fact,  the  eccentric  stands  opposite  to 
what  it  would  without  the  rocker-shaft  When 
the  engine  runs  in  the  direction  of  the  arrow,  the 
eccentric  pulls  the  eccentric  rod  in  the  direction 
of  the  arrow  under  it,  and  drives  the  valve-stem 
in  the  direction  of  its  arrow  from  the  left  to  the 
right,  as  is  required.  The  rocker-shaft  just  re- 
verses the  order  of  things,  that  is,  it  causes  the 
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Fig.  24. 


eccentric  to  be  the  lap  and  lead  nearer  to  the  pin 
from  a  centre  line  c  r,  and  also  follow  the  pin; 
while  without  the  rocker-shaft,  the  eccentric  is 
as  seen  in  Fig.  23,  the  lap  and  lead  further  from 
the  pin,  from  the  line  c  r,  and  it  also  leads  the 
pin. 

When  the  rocker-shaft  is  used,  it  should  stand 
at  right-angles  with  the  valve-stem,  when  the 
valve  is  over  the  centre  of  the  seat 


^ 


CHAPTER  XIV. 

ENGINE   CONSTRUCTION* — DETAILS. 

The  Cylinder, 

The  Cylinder  Barrel  should  be  stiffened  by 
external  flanges  or  webs,  at  about  12  times  the 
thickness  of  metal  apart;  these  webs  should  be 
1.5  xythick,  and  stand  at  leasto.75  xybeyond 
the  surface  of  the  cylinder.  Some  engineers, 
however,  prefer  to  do  without  these  stiffening 
webs,  and  make  the  cylinder  somewhat  thicker 
instead. 

The  following  rules  are  for  the  cylinder  and  its 
connections  : 

D  is  the  diameter  of  the  cylinder  in  inches. 
/,  the  load  on  the  safety-valves  in  lbs.  per  square  inch, 
/i,  the  absolute  pressure  of  steam  in  the  boiler. 
fy  a  constant  multiplier = thickness  of  barrel +  .25  inch. 
Thickness  of  metal  of  cylinder  barrel  or  liner,  not  to  be 
less  than  PY^Yi-r-  3000  when  of  cast  iron. 

Thickness  of  cylinder-barrel  =^^^^ —  +  0.6  inch. 

5000 

Thickness  of  liner  =  1.1  xy*» 

Thickness  of  liner  when  of  steel  /  X  D  -*-  6000  -|-  o.5« 

Thickness  of  metal  of  steam  ports  =0.6  X^^ 

Thickness  of  metal  of  valve-box  sides =0.65  xy» 

Thickness  of  metal  of  valve-box  covers  =0.7  X.^ 

*Seaton. 
(148) 
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Thickness  of  metal  of  cylinder  bottom  =  i.i  X/,  if  single 

thickness. 
Thickness  of  metal  of  cylinder  bottom  =  0.65  X/t  ^^ 

double  thickness, 
Thickness  of  metal  of  cylinder  covers  =  i.o  X/i  if  single 

tliickness. 
Thickness  of  metal  of  cylinder  covers  =a6  XT*  if  double 

thickness. 

Thickness  of  cylinder  flange  =  1.4  X/- 
Thickness  of  cylinder  cover  flange  =  1.3  X/* 
Thickness  of  cylinder  valve-box  flange^  i.o  XT^ 
Thickness  of  cylinder  door  flange  =0.9  X/*- 
Thickness  of  cylinder  face  over  ports  =  1.2  X/' 
Thickness  of  cylinder  face  over  ports  ^  i.o  X  yi  when 

there  is  a  false  face. 
Thickness  of  cylinder  false  face  over  ports  =  0.8  xyi  when 

c:ast  iron. 
Thickness  of  cylinder  false  face  over  ports  :=  0.6  X/t  when 

steel  or  bronze. 

Main  Steam  Pipe. — ^The  main  steam  pipe, 
which  supplies  a  cylinder  with  steam,  should  be 
of  such  a  size  that  the  mean  velocity  of  flow 
through  it  does  not  exceed  8,000  feet  per  minute. 
When  this  is  not  exceeded,  the  loss  of  pressure 
between  the  boiler  and  the  valve-chest  is  very 
slight  indeed.  If,  however,  the  valve-chest  is 
large,  and  the  cut-ofF  in  the  cylinder  is  before 
half  stroke,  the  area  of  transverse  section  of  this 
pipe  may  be  smaller  than  given  by  the  above 
rule,  inasmuch  as  the  piston  speed  is  below  the 
mean  velocity  at  the  early  part  of  the  stroke,  and 
the  space  in  the  steam-chest  acts  as  a  reservoir 
for  steam,  so  as  to  keep  up  a  steady  supply  dur- 
ing admission. 
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Taking  8, 100  feet  as  the  mean  velocity,  5  the 
mean  speed  of  piston  in  feet  per  minute,  and  D 
the  diameter  of  the  cylinder,  then, 


Diameter  of  main  steam  pipe  =  \i  ^  =  —  i^S. 

\  8100  90 

Example. — ^To  find  the  diameter  of  the  main 
steam  pipe  to  a  cylinder  45  inches  diameter  and 
60  inches  stroke,  the  revolutions  at  full  speed  to 
be  60  per  minute. 

Here  8  =  2X5X60  =  600,  and  D  =  45  inches. 

Therefore, 

Diameter  of  main  steam  pipe  =  -^  i/~6oo^=   12.25  inches. 

90 

Cylinder  Liner, — In  order  that  a  suitable  ma- 
terial may  be  supplied  to  resist  the  rubbing 
action  of  the  piston  without  wearing  away,  and 
one  that  shall  be  capable  of  taking  and  retaining 
a  polished  surface,  so  as  to  minimize  the  friction 
of  the  piston,  an  inner  bush  or  false  barrel  is 
fitted,  usually  called  the  cylinder  liner.  This 
liner  should  be  made  of  a  hard,  close-grained 
metal  having  considerable  strength,  but  not  so 
hard  as  to  resist  the  action  of  a  cutting  tool  or 
file;  it  should  also  be  such  that  the  expansion 
caused  by  heat  is  very  nearly  the  same  as  the 
cast  iron  of  which  the  cylinder  itself  is  made. 
It  is  usual  to  make  these  liners  of  cast  iron, 
strengthened,  closed  and  hardened  by  mixing 
with  it  certain  kinds  of  pig  iron,  pressed  or  other 
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equally  good  steel,  hammered  out  to  the  proper 
size  for  boring;  and  some  engineers  use  cast 
steel.  Although  the  compressed  steel  gives  good 
results,  it  can  be  equalled  by  the  specially-made 
cast  iron,  so  far  as  good  wearing  is  concerned,  but, 
of  course,  it  far  exceeds  cast  iron  in  strength; 
this  latter  quality  is  necessary  to  a  higher  degree 
for  the  horizontal  engine  than  for  the  vertical 
engine. 

In  the  merchant  service,  with  the  vertical  en- 
gine, the  cast  iron  liner  does  exceedingly  well, 
and  is  not  likely  to  be  superseded  by  steel,  even 


Fig.  25. — Section  through  Cyunder. 

if  this  material  can  be  manufactured  much 
cheaper  than  at  present.  Liners  are  usually 
made  with  an  inside  flange  at  the  bottom  end 
(Fig.  25),  which  fits  into  a  recess  in  the  cylinder 
end,  and  is  secured  there  by  screw-bolts.  The 
upper  end  is  turned  for  a  few  inches,  so  as  to  fit 
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tightly  into  the  cylinder  shell  at  that  part.  The 
joint  at  the  cylinder  bottom  is  made  with  red 
lead  paint,  while  leakage  between  the  liner  and 
the  cylinder  shell  is  prevented  at  the  other  end 
by  stuffing  a  few  rounds  of  gasket,  rope,  or 
Tuck's  packing  into  a  recess  formed  for  that 
purpose,  and  preventing  it  from  coming  out  by 
securing  a  flat  wrought-iron  ring  to  the  liner  so 
as  to  cover  the  packing.  Sometimes  in  lieu  of 
a  stuffing-box,  the  outer  edge  of  the  liner  and 
the  edge  of  the  turned  part  of  the  cylinder  shell 
are  chamfered  so  as  to  form  a  groove;  into  this 
groove  a  turn  of  Tuck's  packing  or  abestos  rope 
is  pressed  with  a  ring  as  before.  Some  en- 
gineers, preferring  to  rely  on  metallic  contact, 
turn  a  slight  recess  instead  of  chamfering  the 
edge  of  the  liner,  and  caulk  into  it  a  strip  of  soft 
copper.  The  liners  are  sometimes  secured  with- 
out a  flange  at  the  bottom,  by  screwing  studs 
through  the  cylinder  shell  and  liner,  and  making 
the  ends  steam-tight  as  before. 

The  space  between  the  liner  and  shell  should 
not  be  less  than  i  inch,  and  may  be  filled  with 
steam  so  as  to  heat  the  steam  during  expansion. 
If  the  cylinder  has  to  be  jacketed,  this  is  really 
a  better  plan  of  doing  it  than  by  casting  the 
cylinder  and  inner  cylinder  together,  as  was 
very  generally  done  formerly. 

Pistons. — Pistons  of  marine  engines  above  I2 
inches  diameter  for  a  high-pressure,  and  20  inches 
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diameter  for  a  low-pressure  cylinder,  are  usually 
made  cellular — that  is,  with  two  thicknesses  of 
metal  stiffened  or  connected  by  ribs  and  webs, 
and  either  by  the  thickness  of  metal  or  by  the 
depth  of  body  made  strong  enough  structurally 
to  safely  withstand,  not  only  the  steam  pressure 
exerted  on  it  and  transmitted  to  the  rod,  but  also 
the  shocks  to  which  it  is  liable  when  priming 
occurs. 

The  piston  body  must  be  so  designed,  too, 
that  it  may  be  safely  cast,  for  in  the  early  days 
of  large  pistons  it  was  not  at  all  an  uncommon 
thing  for  a  piston  to  break  in  cooling,  or  myster- 
iously afterwards.  For  this  reason  any  rules 
must  of  necessity  be  empirical  which  set  out  the 
thickness  of  metal  of  the  different  parts  of  the 
body;  but  care  must  always  be  exorcised  that  no 
one  part  is  too  small  for  the  strains  to  which  it  is 
subject  For  example,  there  must  be  sufficient 
metal  in  the  immediate  neighborhood  of  the 
piston-rod  boss  to  resist  the  tendency  to  force  out 
this  part  by  shearing  the  metal.  Again,  the 
piston  may  be  taken  as  consisting  of  a  number 
of  sectors,  and  by  considering  one  of  such  small 
sectors  loaded  with  the  pressure  on  its  area  at 
the  centre  of  gravity  of  its  figure,  the  bending 
moment  at  any  section  may  be  found,  and  the 
thickness  of  metal  tried  whether  it  be  sufficient 
for  the  purpose.    . 

For  the  section  of  an  ordinary  piston  having  a 
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single  rod,  the  following  table  gives  the  multi- 
pliers for  obtaining  the  thickness  of  metal  and 
sizes  of  the  diflFerent  parts. 

Details  of  Construction  of  the  Ordinary  Piston. 
— Let  D  be  the  diameter  of  the  piston  in  inches, 
P  the  eflfective  pressure  per  square  inch  on  it,  x 
a  constant  multiplier,  found  as  follows: — 

^        ,1:  t 

^=-   X  1//  +  I- 

The  thickness  of  front  of  piston  near  the  boss =0.2    X  ^. 

**  "  "  "        rim  =0.17  X^. 

"  back  of  piston =0.18  X^. 

"  boss  around  the  rod  ....  =0.3    X  ^. 

"  flange  inside  packing-ring  .  =0.23  X  ^. 

**  flange  at  edge =0.25  X^. 

"  packing-ring =0.15  X  ^. 

"  ^    junk-ring  at  edge ^0.23  X^. 

'  *  *  *        inside  packing-ring  =  o.  2 1  X  ^. 

**  "        at  bolt  holes  .   .   .=o.35X^. 

**  metal  around  piston  edge .  .  =0.25  X  ^. 

The  breadth  of  packing-ring =0.63  X:r. 

The  depth  of  piston  at  centre .   .  =  1.4   X  ^. 

The  lap  of  junk-ring  on  the  piston    ....  =0.45  X  ^- 
The  space  between  piston  body  and  packing- 
ring  =0.3    X  ^. 

The  diameter  of  junk-ring  bolts  .  .   .  =0.1  X  •*■  +  0.25  in. 
The  pitch  of  junk-ring  bolts =10  diameten. 

The  number  of  webs  in  the  piston = — i — . 

12 

The  thickness  of  webs  in  the  piston =0.18  X  ^. 

When  made  of  exceptionally  good  metal,  at 
least  twice  melted,  the  thicknesses  may  be  as 
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much  as  20  per  cent  less  than  given  by  the  rules; 
but,  on  the  other  hand,  if  made  of  other  than 
really  good  metal  they  should  be  thicker.  The 
piston  should  be  made  of  good  metal  always,  and 
for  fast-running  engines  it  is  better  made  of  steel. 
The  packing  ring  is  sometimes  made  much 
thicker  in  the  part  opposite  the  cut  than  given 
above,  in  order  to  have  sufficient  elasticity  of  it- 
self to  press  steam-tight  against  the  cylinder;  but 
it  is  better  to  let  the  springs  perform  their  func- 
tion wholly,  and  leave  the  ring  to  act  only  as 
the  packing. 

PISTON  RINGS  AND  SPRINGS. 


Ramsbottom* s  Rings  (Fig.  26). — Mr.  Rams- 
bottom  was  the  first  to  pack  pistons  by  one  or 
more  narrow  metal  rings,  turned  somewhat 
larger  in  external  diameter  than  that  of  the  cyl- 
inder bore,  and  which,  after  being  cut  across  so 
as  to  be  capable  of  being  compressed  to  suit  the 
bore  of  the  cylinder,  are  fitted  into  recesses 
turned  in  the  piston  edge.  The  rings  fit  accu- 
rately into  these  recesses,  and  as  they  are  so 
placed  that  no  two  of  the  joints  are  in  a  line,  the 
piston  is  practically  steam-tight,  and  works  very 
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well  in  locomotives  and  other  quick-working 
engines  of  small  size;  but  for  large  engines,  and 
engines  undergoing  the  same  vicissitudes  as 
those  on  shipboard,  there  is  an  objection  to  this 
form  of  piston.  It  will  be  seen  that  the  rings 
cannot  be  removed  without  drawing  the  piston, 
and  that  there  is  no  means  of  preventing  steam 
from  passing  where  the  spring  is  cut  across,  be- 
sides which  the  rubbing  surface  is  very  small, 
and  the  spring  is  always  exerting  its  maximum 
ejflfort  The  first  of  these  objections  is  overcome 
by  fitting  a  junk-ring,  having  cast  with  it  a 


Fig.  27. 

spigot  or  ring,  which  goes  down  into  the  recess 
around  the  piston  for  the  packing  ring,  and 
made  steam-tight;  into  grooves  turned  in  the 
outer  surface  of  this  spigot  the  Ramsbottom 
rings  are  fitted. 

For  small  engines  these  rings  are  made  of- 
steel;  for  such  engines  as  may  be  standing  un- 
used for  many  days,  some  engineers  prefer  to  fit 
hard  brass  rings.  When  for  larger  engines 
where  the  section  may  be  three-quarters  of  an 
inch  square  and  upwards,  the  rings  are  better  of 
tough  and  hard  cast  iron. 
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Common  Piston  Rings  (Fig.  27)  consist  only 
of  a  single  hoop  made  of  very  tough,  close- 
grained,  cast  iron,  made  on  the  same  principle 
as  the  Ramsbottom  rings,  but  fitted  between  the 
piston  flange  and  the  junk-ring,  so  as  to  be  free 
to  move  laterally  steam-tight  This  packing 
ring  is  usually  turned  to  a  diameter  about  i  per 
cent  in  excess  of  that  of  the  cylinder,  and  cut 
across  diagonally. 

The  ring  is  then  fitted  to  the  piston  flange 
steam-tight  by  scraping  both  surfaces;  the  ring 
is  raised  by  interposing  very  thin  pieces  of  paper 
between  it  and  the  flange,  and  the  junk-ring  is 
then  fitted  steam-tight  to  the  piston  and  packing 
ring  by  scraping,  etc.  Some  makers  of  pistons 
profess  to  turn  the  piston  and  rings  so  accurately 
as  to  require  no  scraping,  but  it  is  doubtful  if 
there  is  economy  in  the  practice  if  carried  to  the 
perfection  professed;  other  engineers  prefer  to 
grind  the  rings  tight  after  coming  from  the  lathe. 
In  whatever  way  the  object  is  attained  is  of  small 
moment  compared  with  the  necessity  of  having 
the  ring  perfectly  steam-tight  between  the  flange 
and  follower. 

Piston  Springs, — When  the  piston  is  of  com- 
paratively small  diameter,  the  elasticity  of  the 
packing  ring  itself  is  sufficient  to  keep  it  steam- 
tight  against  the  cylinder  sides  for  a  very  con- 
siderable time  after  it  is  fitted;  and  even  largei 
rings  may  be  made  of  sufficient  strength  to  do 
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this,  but  they  would  then  be  open  to  the  same 
objection  as  raised  against  the  Ramsbottom 
rings.  The  old  method  of  pressing  the  ring  out 
by  means  of  dished  springs  or  coach-springs,  as 
shown  in  Fig.  27,  is  now  seldom  used  in  new 
engines;  the  objections  to  it  are  the  uneven  and 
unknown  pressure  exerted,  and  the  reaction  of 
the  piston  itself,  from  the  fact  of  the  springs 
pressing  on  it.  It  was  a  very  diflGicult  thing  to 
so  set  every  spring  that  the  pressure  on  the  ring 
was  uniform;  and  the  range  of  action  of  this 
form  of  spring  is  very  limited,  so  that  although 
the  ring  might  be  very  tight  when  first  fitted, 
after  a  few  days'  running  it  would  be  passing 
steam.  The  surface  exposed  to  pressure  too  was 
small,  and  the  springs  were  apt  to  bed  them- 
selves into  the  ring,  and  in  doing  so  wear 
through  their  curved  ends.  These  defects  were 
partially  remedied  by  adding  to  each  one  or 
more  subsidiary  springs  on  the  principle  of 
coach  springs;  but  that  only  tended  to  aggravate 
the  other  evil  spoken  of — viz.,  the  reaction  of 
the  piston  itself. 

When  a  piston  is  moving  through  its  course, 
and  guided  therein  by  the  rod  at  one  end  and 
the  tail  rod  (or  back  guides  in  case  of  a  horizon- 
tal engine)  at  the  other,  it  should  be  quite  free 
laterally  from  the  packing  ring,  which  may  fol- 
low its  course  freely.  When  the  bore  of  the 
cylinder  is  quite   true,  and  its  axis   coincides 
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with  the  line  of  motion  of  the  piston  centre,  it  is 
of  no  consequence  if  the  springs  do  bear  on  the 
piston;  but  if  the  cylinder  wears  somewhat  out 
of  truth  in  either  direction,  it  is  important  that 
the  spring-ring  shall  follow  the  sides  of  the  cyl- 
inder freely;  it  cannot  do  this  if  the  springs  re- 
act from  the  piston  body. 


Fig.  28. 

Cameron* s  Patent, — Pig.  28  shows  a  piston 
ring  pressed  out  with  a  corrugated  ribbon  of  steel; 
the  lateral  pressure  here  is  obtained  by  the  re- 
sistance of  the  spring  to  being  bent  into  a  circle, 
and  by  the  pressure  exerted  by  the  corrugations 
when  the  ends  of  the  spring  are  pressed  apart. 
This  spring  exerts  an  almost  uniform  lateral 
pressure  on  the  packing  ring  without  touching 
the  body  of  the  piston,  and  by  making  the  pack- 
ing ring  comparatively  thin,  it  will  adapt  itself 
to  the  shape  of  the  cylinder  when  worn.  The 
pressure  on  the  ring  can  also  be  easily  and  nicely 
adjusted  by  packing  pieces  between  the  ends  of 
the  spring.  One  great  advantage  of  this  spring 
is  that  it  can  be  fitted  to  any  piston  without 
condemning  any  of  the  parts  beyond  the  springs. 


l6o     THE  AMERICAN   MARINE  ENGINEER. 

PISTON   RODS. 

The  following  rules  will  give  results  suffic- 
iently accurate  for  all  practical  purposes: 

Diameter  of  piston-rod  =  Diameter  of  Cylinder^^ 

The  following  are  the  values  of  F: — 

Naval  engines,  direct-acting F  =  60. 

**  return  connecting  rod,  2  rods    .  F  =  8o. 

Mercantile  ordinary  stroke,  direct-acting  .  .   .    .  F  =  50. 

long  "  "  .   .   .  F  =  48. 

"  very  long   "  "  .   .      F  =  45. 

"  medium  stroke,  oscillating  .  .  \   .   .  F  =  45. 

GUIDE  BLOCKS  AND  SUDES. 

Surface  of  Guide-block. — The  area  of  the 
guide-block,  or  slipper-surface,  on  which  the 
thrust  is  taken,  should  in  no  case  be  less  than 
will  admit  of  a  pressure  of  400  lbs.  on  the  square 
inch;  and  for  good  working  those  surfaces  which 
take  the  thrust  when  going  ahead  should,  be  suffic- 
iently large  to  prevent  the  maximum  pressure 
per  square  inch  exceeding  100  lbs.  per  square 
inch.  When  the  surfaces  are  kept  well  lubri- 
cated this  allowance  may  be  exceeded,  but  the 
reduction  in  surface  should  be  effected  by  mak- 
ing shallow  grooves  and  recesses  in  the  face  of 
the  slipper,  in  which  the  lubricant  can  lodge  and 
impart  itself  to  the  guide  as  it  is  carried  along. 
A  good  method  of  carrying  this  into  effect  is 
to  provide  a  surface  calculated  on  the  allowance 
of  100  lbs.  per  square  inch,  and  by  cross-planing 
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SO  as  to  leave  shallow  recesses  about  ^^  inch 
deep,  reduce  the  actual  surface  which  touches 
the  guide  to  about  ^  of  the  original  area;  there 
will  be  then  strips  across  the  slipper  ij^  inches 
wide,  with  depressions  between  them  ^  inch 
wide,  filled  with  grease. 

Cast  iron,  hard  and  close  grained,  is  the  best 
material  for  the  guide-plates;  its  surface,  after  a 
few  hours'  work,  becomes  exceedingly  hard  and 
highly  polished,  and  offers  very  little  resistance 
to  the  slipper  or  guide-block.  So  long  as  this 
hard  skin  remains  intact,  no  trouble  will  be  ex- 
perienced, but  if  abrasion  takes  place  from  heat- 
ing or  other  cause,  it  rarely  works  well  after,  and 
should  be  at  once  planed  afresh. 

Guide  Plates. — In  order  to  have  a  sound  and 
hard  surface  for  the  piston-rod  slides  to  work  on, 
the  guide-plates  should  be  separate  from  and  se- 
cured to  the  columns;  when  so  fitted  they  also 
admit  of  adjustment,  and  may  be  cast  hollow,  so 
as  to  permit  of  a  flow  of  cooling  water  through 
them.  This  is  especially  needful  for  large  quick- 
running  engines,  where  the  speed  of  piston  is 
very  high,  and  any  want  of  lubrication  would 
soon  cause  most  serious  damage.  Cast  iron  when 
once  worn  smooth  gives  a  splendid  surface  for  a 
slide;  but  if  by  any  mischance  this  surface 
suffers  a  little  abrasion,  it  is  most  difficult  to  get 
right  again,  and  will  seldom  work  well  again 
until  it  is. 
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The  face  of  the  guide  plates  should  have  good 
oil  courses  cut  on  it,  so  that  the  lubricant  is  well 
distributed,  and  they  should  be  cut  deep  enough 
to  prevent  their  being  choked  with  the  gluey 
deposit  from  the  oil.  The  piston-rod  slide  should 
always  be  provided  with  a  comb,  which  will 
carry  the  lubricant  from  the  drip-boxes,  and 
spread  it  over  the  face  of  the  guide. 

Area  of  steam  ports  and  of  section  through 
passages 

Area  of  piston  X  speed  of  piston 

6000 

(Diameter  of  cylinder)'  X  speed  of  piston 

""  7636 

Opening  of  Port  to  Steam. — It  is  advisable  so 
to  design  the  valve,  &c.,  that  the  opening  for 
admission  of  steam  to  the  cylinder  is  sufficient 
to  avoid  any  serious  loss  by  '*  wire-drawing;" 
but  in  actual  practice,  unless  special  gearing  is 
designed  so  as  to  give  a  quick  motion  to  the 
valve  at  the  instant  of  cut-off,  there  is  very  con- 
siderable loss  of  pressure  shown  on  the  indicator- 
diagram  ;  and,  what  is  worse  still,  from  deficient 
opening,  the  loss  is  generally  not  limited  to  the 
period  of  cut-off,  but  during  the  whole  time  of 
admission.  The  ordinary  valve-gears  do  not 
give  that  quick  Inotion,  either  at  opening  or  at 
cut-off,  which  is  such  a  desideratum.  Separate 
expansion  valves  and  special  valve-gearings 
admit  of  such  a  motion,  and  consequently  the 
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opening  to  steam  with  them  may  be  smaller  than 
when  cut-off  is  effected  by  the  ordinary  slide- 
valve  and  link-motion. 

Hence,  when  only  common  valves  and  gear 
are  to  be  used,  the  area  of  opening  to  steam  when 
at  its  greatest  should  be  such  that  the  mean 
velocity  of  flow  does  not  exceed  10,000  feet  per 
minute.  When  expansion  valves,  or  special 
valve-gearing,  is  used,  the  mean  velocity  may  be 
assumed  at  12,006  feet,  although  it  is  better  to 
give  such  an  amount  of  opening,  when  possible, 
that  the  velocity  shall  not  exceed  10,000  feet 
In  actual  practice  the  amount  of  opening  is  often 
much  less  than  that  given  by  the  above  rules, 
but  it  always  results  in  loss  of  pressure  in  the 
cylinder  throughout,  and  excessive  **  wire-draw- 
ing" previous  to  cut-off. 

Exhaust  Passages  and  Pipes, — The  area  of 
section  of  exhaust  passages  should  be  such  that 
the  mean  velocity  of  steam  does  not  exceed  6000 
feet  per  minute,  and  if  the  distance  from  the 
cylinder  to  the  condenser  is  comparatively  great, 
a  somewhat  larger  area  is  advisable.  There 
should  not  be  a  greater  difference  than  i  lb.  be- 
tween the  pressure  in  the  cylinder  and  that  in  the 
condenser  when  exhausting. 

Receiver  Space.  — The  space  between  the 
valve  of  the  high-pressure  cylinder  and  that  of 
the  low  pressure  cylinder,  into  which  the  steam 
exhausts  from  the  high-pressure  cylinder,  should 
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be  from  i  to  1.5  times  the  capacity  of  the  high- 
pressure  cylinder,  when  the  cranks  are  set  at 
an  angle  of  from  120°  to  90°.  When  the  cranks 
are  opposite  or  nearly  so,  this  space  may  be  very 
much  reduced.  The  pressure  in  the  receiver 
should  never  exceed  half  the  boiler  pressure, 
and  is  generally  much  lower  than  this.  It  is 
usual  to  fit  a  safety  valve  to  the  receiver, 
loaded  by  weight  or  spring  to  a  pressure  of  20 
to  30  lbs.  per  square  inch;  otherwise,  owing  to 
the  large  flat  sides  between  the  two  cylinders, 
great  risk  of  explosion  would  be  run.  This 
safety  valve  is  usually  of  the  same  size  and  de- 
sign as  the  cylinder  escape  valves.  The  receiv- 
ers of  three-crank  engines  need  not  be  nearly 
so  large,  as  the  cranks  are  usually  at  angles  of 
120°;  in  the  case  of  triple  compound  engines 
with  the  M.  P.  leading  the  H.  P. ,  a  very  small 
receiver  will  do. 

CONNECTING  RODS  AND  BRASSES. 

The  following  empirical  formula  will  be  found 
a  very  useful  one,  and  the  results  given  by  it 
agree  very  closely  with  good  modern  practice. 

Diameter  of  connecting-rod  at  middle  =  — ——^ — • 

4 

L  is  the  length  of  the  rod  in  inches,  and — 

K  =  0.03  X  1/ Effective  load  on  the  piston  in  lbs. 

Example, — To  find  the  diameter  of  the  con- 
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necting-rod,  100  inches  long,  for  an  engine  hav- 
ing a  load  of  55,000  lbs. 


K  =  0.03  X  V  55,000  =  7.0. 


Diameter  =  ^'^^7  «.  g.g  inches. 

4 

The  diameter  of  the  connecting-rod  at  the 
ends  may  be  0.875  of  its  diameter  in  the  middle. 
The  tapering  of  rods,  or  making  them  barrel- 
shaped,  is  usual  in  the  case  of  those  having 
single  brasses  at  both  ends,  such  as  are  generally 
fitted  to  trunk  and  return  connecting-rod  en- 
gines; then  the  diameter  of  the  crank-pin  end  is 
0.925  of  the  diameter  at  middle.  Direct-acting 
engines  have  usually  the  connecting-rods  taper- 
ing from  the  gudgeon  end  to  the  middle,  and 
then  parallel  or  nearly  so  to  the  crank-pin  end. 

Connecting-Rod  Bolts, — ^The  diameter  of  the 
bolts  may  be  calculated  by  allowing  the  same 
strain  per  square  inch  as  that  given  for  piston- 
rod  bolts.  It  is  usual  now,  from  practical  con- 
siderations, to  make  the  bolts  of  both  piston  and 
connecting-rod  of  the  same  size;  the  bolts  there- 
fore should  be  calculated  from  the  strain  on  the 
connecting-rod.  In  order  that  the  whole  of  the 
stretch  shall  not  come  on  one  section,  as  at  the 
bottom  of  the  last  thread  of  an  ordinary  bolt,  it 
is  better  to  turn  part  of  the  body  of  connecting 
and  piston-rod  bolts  to  the  same  diameter  as  at 
the  bottom  of  the  thread,  leaving  it  a  little  larger 
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than  the  diameter  over  the  thread  close  to  the 
head,  and  in  way  of  any  joint — that  is,  the  bolt 
is  made  with  a  plus  thread,  and  bearing  collars 
where  required. 

Connecting' Rod  Brasses.  —  The  crank-pin 
brasses  are  more  severely  tried  than  any  others 
about  an  engine,  and,  therefore,  should  be  most 
carefully  designed,  and  made  of  the  very  best 
material.  Some  engineers  make  the  brasses  to 
form  the  end  of  the  rod  (Fig.  29),  and  retained 
to  it  by  bolts  and  a  wrought-iron  cap;  others 
prefer  that  they  shall  only  act  as  bushes  or  liners 
to  the  connecting-rod,  sometimes  fitting  them 
into  a  square  or  octagonal  recess  in  the  rod  end, 
and  held  in  place  by  a  flat  cap  and  bolts,  just  as 
is  generally  done  to  piston-rod  ends;  but  more 
generally  they  are  fitted  in  duplicate  halves,  as 
shown  in  Fig.  30  .  The  former  plan  is  a  very 
expensive  one  when  they  are  of  large  size,  on 
account  of  the  great  weight  of  brass  required, 
and  consequently  are  also  costly  to  renew  when 
worn,  besides  which  they  are  very  liable  to  get 
out  of  shape  when  heated,  and  to  crack  through 
the  crowns.  The  latter  plan  avoids  the  use  of 
so  much  brass,  gives  a  good  solid  bed  to  the 
brasses,  and  leaves  the  bolts  free  of  all  strain 
except  tension.  When  rods  are  made  in  this 
way  it  is  usual  to  forge  the  head  of  the  rod  solid, 
and  turn  it  and  the  cap  at  the  same  operation ; 
the  hole  for  the  brasses  is  bored  or  slotted  out 
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(the  latter  when  the  hole  is  9  inches  and  up- 
wards in  diameter)  roughly;  the  head  is  then 
slotted  through  or  parted  in  the  lathe  so  as  to 
cut  oflF  the  cap,  the  space  left  by  the  tool  being 
equal  to  twice  the  difference  in  thickness  of  the 
brass  at  the  crown  and  sides;  the  cap  is  then 
bolted  close  to  the  rod,  and  the  hole  bored  out  to 
the  diameter  of  the  brasses  measured  across  the 
rod.  The  brasses  are  kept  from  turning  by  a 
brass  distance-piece  secured  between  the  cap  and 
rod  and  projecting  between  the  brasses,  and  in 
the  case  of  large  brasses  a  short  feather  is  fitted 
close  to  each  flange  in  the  crown.  All  brasses 
have  a  tendency  to  close  on  the  pin  or  journal 
after  having  been  hot,  because  the  inner  surface 
becomes  warm  first,  and  the  metal  in  expanding 
tends  to  straighten  the  curved  part;  this  is  re- 
sisted by  the  other  part  of  the  brass  and  the  bed 
in  which  it  is  fitted,  and  in  consequence  this 
inner  surface  gets  compressed  permanently,  so 
that  on  cooling  down  it  contracts,  and  tries  then 
to  give  the  brass  more  curvature,  and  so  presses 
hard  on  the  journal.  This  is  the  reason  why 
some  bearings  will  never  work  cool  but  always 
a  trifle  warm,  this  slight  amount  of  heat  causing 
the  brass  to  expand  so  as  to  truly  fit  the  journal. 
'* Magnolia"  metal  is  better  than  bronze  for 
the  rubbing  surface  of  the  crank-pin  brasses,  and 
it  is  important  that  the  metal  shall  project  be- 
yond the  brass  so  that  it  alone  bears  on  the  pin. 
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For  this  purpose  strips  of  metal  should  be  fitted 
into  grooves  planed  in  the  brass,  aud  be  well 
hammered,  so  as  to  thoroughly  fill  the  spaces, 
after  which  it  should  be  smoothly  bored  and 
fitted  to  the  pin.  Brasses  which  have  not  been 
originally  designed  for  white  metal  may  be  fitted 
in  this  way,  or  by  boring  some  shallow  holes, 
whose  diameter  at  the  bottom  is  more  than  at 
the  surface,  casting  into  them  buttons  of  white 
metal,  and  after  hammering  down,  boring  out 
the  brass  so  that  the  white  metal  stands  out  be- 
yond the  original  wearing  surface, 

A  very  good  plan,  but  somewhat  more  expen- 
sive and  not  more  efficient  than  the  one  above 
described,  is  to  ran  the  metal  into  recesses  so 
cast  with  the  brass,  hammer  it  well  in  place, 
bore  out,  and  then  plane  out  the  brass  interven- 
ing between  the  white  metal  patches,  leaving 
only  slight  ridges  surrounding  the  latter,  which 
prevent  it  from  being  spread  ont 

Caps  of  Connecting-  rod  Brasses. — The  width 
hould  be  .a  little 
be  end;  its  thick- 
gtb)=o.6  X  diam- 

ldle  =  o.8  X  diam- 

pitch  of  bolts 

=  diameter  of  bolts 

::aps   are   generally 
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made  straight  and  of  thickness  given  by  the  first 
rule. 

Gudgeon  End  Rod. — ^Direct-acting  engines 
have  usually  the  connecting-rod  formed  with  a 
fork  at  the  gudgeon  end  (Fig.  29),  into  which 
the  gudgeon  is  shrunk. 

The  diameter  of  the  eye  =  diameter  of  gud- 
geon +  0.9  X  diameter  of  connecting-rod  at  end. 

The  thickness  of  metal  around  gudgeon= 
0.55  X  connecting-rod  at  end. 

Width  of  jaw  =  i.i  X  diameter  of  rod  at  end. 

Thickness  of  jaw  =  0.45  x  diameter  of  rod 
at  end. 

MAIN   BEARINGS. 

The  bearings  in  which  the  shaft  journals  run 

should  approximate,  as  far  as  possible,  to  a  hole 

through  a  solid  support     If  it  were  possible,  a 

hole  with  a  bush  of  suitable  metal  in  it  would 

form  the  best  possible  bearing  for  a  shaft;  but 

since  the  bearing,  however  well  designed  and 

made,  will,  in  course  of  time,  wear  somewhat,  it 

becomes  a  necessity  that  there  shall  be  some 

means  of  adjusting  the  brasses,  so  as  to  prevent 

the  shaft  from  having  side  movement  when  they 

are  worn.     In  the  case  of  the  vertical  engine,  the 

"w-eigiit  of  the  shaft,  and  the  pressure  from  the 

piston,  act  very  nearly  in  the  same  direction,  so 

*^"^t  the  wear  is  only  vertically  above  and  below 

the  shaft;  consequently  the  adjustment  is  neces- 


y  only  in  a  vertical  direction.     The  greatest 
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strains  on  the  bearings,  however,  are  during  the 
first  half  of  the  stroke,  and  consequently  the 
position  of  mean  pressure  on  the  journals  is  not 
exactly  vertical;  this  is  also  somewhat  modified 
on  the  upstroke  by  the  tendency  of  the  shaft  to 
roll  on  the  surface  of  the  brasses,  and  on  the 
downstroke  it  is  aggravated  from  the  same  cause. 
In  fitting  the  brasses  for  a  vertical  engine,  this 
should  be  borne  in  mind,  and  every  allowance 
made  for  taking  the  wear  due  to  these  causes. 
It  is  of  the  utmost  importance  for  the  good 
working  and  endurance  of  a  crank-shaft,  that  the 
bearings  are  rigid  in  themselves,  and  that  the 
framework  containing  them  shall  be  rigid  enough 
to  sustain  them  perfectly  in  line  one  with  an- 
other. Crank-shafts  are  more  severely  tried  by 
the  giving  or  springing  of  the  bearings  than 
any  other  cause,  and  they  are  oftener  broken 
from  want  of  rigidity  in  the  bed-plate  and  seat- 
ings,  than  from  the  normal  strains  from  the  pis- 
tons, so  that  a  shaft  may  be  of  ample  size  to  bear 
the  twisting  and  bending  strains  if  properly  sup- 
ported in  its  bearings,  and  yet  give  way  after  a 
few  weeks'  work  in  a  weak  ship. 

The  brasses  are  usually  formed  as  shown  in 
Fig.  31,  and  carefully  bedded  into  the  recesses 
provided  for  them  in  the  foundation.  At  one 
time  it  was  usual  to  design  them  with  projecting 
facings,  called  chipping  strips,  to  avoid  the 
labor  of  chipping  and  filing   the  whole  of  the 
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surface;  this  was,  however,  found  to  be  highly 
objectionable  as  engines  increased  in  size;  and 
with  the  increase  of  boiler  pressure,  and  conse- 
quent increased  percussive  action  due  to  the  high 
initial  pressure,  such  an  eflFect  was  produced  on 
these  strips,  and  the  cast-iron  surface  on  which 
they  were  borne,  that  engineers  have  gradually 
abandoned  the  practice;  the  planing  machines 
also  have  rendered  such  a  device  unnecessary,  as 
it  is  nearly  as  cheap  to  fit  brasses  so  as  to  bear 
over  the  whole  surface  as  to  do  so  only  on  strips. 
The  square  bottom  brass  is  objectionable  on  two 
grounds;  one  being  that  it  is  impossible  to  re- 
move it  in  most  engines  without  lifting  the 
shaft,  and  the  other  that  when  it  becomes  hot  it 
is  invariably  distorted,  from  its  variation  in 
thickness  of  metal,  with  the  result  that  it  is 
broken  through  the  middle  longitudinally. 

The  first  of  these  evils  is  avoided  by  making 
the  bottom  brass  round  and  of  even  thickness,  so 
that  it  can  be  got  out  when  relieved  of  the 
weight  of  the  shaft,  by  being  moved  around  un- 
til it  is  on  the  top  of  the  journal.  The  second 
evil  is  also  partly  avoided  by  making  it  of  an 
even  thickness;  but  this  form  of  brass  is  often 
found  cracked,  and  is  liable  to  heat  from  its  want 
of  stiffness.  Both  these  brasses,  when  first 
heated  by  abnormal  friction,  tend  to  expand 
along  the  surface  in  contact  with  the  shaft;  this 
would  open  the  brass,  and  make  the  bore  of 
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larger  diameter,  if  not  prevented  by  the  cooler 
part  near  the  cast  iron,  and  by  the  bed-plate  it- 
self.    If  the  brass  has  become  hot  qnickly  and 


Fig.  31.-CRANK  Shafi*  Bearing. 


ffl-^Z3>ffl 


Fig.  32.— Improved  Form  op  Crank-Shaft  Bering. 

excessively,  the  resistance  to  expansion  produces 
permanent  set  on  the  layers  of  metal  near  the 
journal,  so  that  on  cooling  the  brass  closes  and 
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tends  to  grip  the  shaft;  it  will  then  set  up  suffic- 
ient friction  to  heat  again,  and  expand  suffici- 
ently to  ease  itself  from  the  shaft,  and  so  long  as 
that  temperature  is  maintained  the  shaft  runs 
easily  in  the  bearing.  This  is  why  some  bear- 
ings always  are  a  trifle  warm,  and  will  not  work 
cool.  A  continuance  of  heating  and  cooling  will 
set  up  a  mechanical  action  at  the  middle  of  the 
brass,  which  must  end  in  rupturing  it,  just  as  a 
piece  of  sheet  metal  is  broken  by  continually 
bending  backwards  and  forwards  about  a  certain 
line. 

This  action  of  the  brass  can  be  prevented  by 
securing  it  to  the  bed-plate,  along  its  two  longi- 
tudinal edges,  as  shown  in  Fig.  32  by  an  || 
shaped  strip,  which  holds  both  top  and  bottom 
brasses,  so  that  they  cannot  move  in  their  beds. 
This  method  is  a  very  simple  one,  and  has  been 
most  successful  in  engines  of  all  sizes. 

It  is  also  essential  that  the  bearing,  to  be  effi- 
cient, should  be  rigid  throughout  its  whole 
length;  this  is  not  the  case  when  the  brasses 
have  long  overhanging  ends,  which  affi)rd  little 
or  no  support  to  the  shaft.  To  this  end  it  is 
better,  when  possible,  to  extend  the  bed  for  the 
brasses,  so  as  to  support  them  over  the  whole  of 
their  length,  as  shown  in  Fig.  32. 

Caps  for  Main  Bearings  are  very  generally 
made  of  wrought  iron,  but  as  stiffiiess  is  as 
necessary  as  strength,  cast  iron  may  be  used  with 
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advantage  in  their  construction.  A  wrought- 
iron  cap,  which  may  be  amply  strong,  is  often 
far  from  stiff  enough,  while  a  cast-iron  cap, 
which  is  stiflF  enough  for  good  working,  is  gen- 
erally amply  strong. 

MAIN-BEARING   BOIvTS. 

Each  cap  is  usually  held  by  two  bolts,  but 
very  large  bearings  have  four  bolts,  two  on  each 
side,  so  as  to  avoid  large  bolts  and  heavy  nuts, 
and  to  distribute  the  strain  over  the  cap.  When 
everything  is  in  good  order  and  properly  ad- 
justed, the  strain  from  the  piston  should  be 
equally  divided  between  the  bolts;  but  since, 
from  a  very  slight  difference  in  setting  of  the 
nuts,  the  strain  may  come  on  three,  and  some- 
times even  on  two  bolts  only,  due  allowance 
must  be  made  for  this. 

BRASSES. 

Brasses,  so  called  because  generally  made  of 
brass.  They  should  be  made  of  a  metal  which 
will  withstand  wear  without  wearing  the  shaft 
journals,  and  whose  surface  is  such  that  the 
shaft  runs  on  it  with  a  minimum  amount  of 
friction.  The  metal  must  also  possess  suflScient 
strength,  so  as  not  to  fracture  under  the  percus- 
sive strains  of  the  piston,  and  be  free  from 
brittleness,  so  as  not  to  crack  when  quickly 
cooled.     Good  gun-metal  or  bronze  possesses  all 
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the  qualities  essential  for  brasses,  but  there  are 
other  metals  which  have  certain  of  these  quali- 
ties in  a  higher  degree  without  having  them  all. 
Cast  iron  is  harder  than  ordinary  bearing  bronze, 
and  when  once  worn  to  a  smooth  surface  gives 
equally  good  results;  but  it  is  liable  to  fracture 
from  continued  shocks  and  when  cooled  sud- 
denly. White  metals  oflfer  least  resistance,  or 
produce  least  friction,  but  most  of  them  are  too 
soft  to  be  used  alone.  Of  the  patent  bronzes 
there  are  few  which  are  suitable  for  heavy  bear- 
ings, and  none  of  them  have  so  far  been  shown 
to  be  much  superior  to  good  gun-metal. 

When  a  bearing  is  of  ample  size,  properly  de- 
signed and  constructed,  and  well  looked  after,  it 
may  be  of  almost  any  kind  of  metal.  If  the 
bearing  surface  is  limited,  there  is  a  great  differ- 
ence in  the  behavior  of  diflferent  metals;  and  if 
badly  designed  and  constructed,  even  the  best 
metal  will  give  trouble;  but  if  not  properly 
looked  after  by  the  engineer,  the  best  metal  and 
the  most  careful  design  are  of  no  avail. 

Magnolia  metal  has  so  far  given  the  best  re- 
sults as  a  bearing  surface,  and  there  is  every 
reason  for  this,  inasmuch  as  it  is  too  soft  to  cause 
abrasion  of  the  shaft,  and  if  its  own  surface  is  in- 
jured it  will  not  form  into  fine  sand,  and  grind 
both  the  surfaces,  as  all  the  bronzes  do  more  or 
less.  When  it  is  used  it  is  highly  important 
that  the  shaft  shall  bear  wholly  on  it,  and  not 
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partly  on  it  and  partly  on  the  metal  containing 
it,  and  also  that  efficient  courses  for  the  distri- 
bution of  the  lubricant  are  provided.    • 

CRANK  SHAFTS. 


8  |T      XT      p 

Diameter  of  shaft  =-1/  '    -^ — -  ^  55' 7» 

But  as  shafts  must  be  strong  enough  to  resist 
the  maximum  twisting  strain,  it  is  necessary 
always  to  base  calculations  on  it  instead  of  on  the 
mean  twisting  moment. 

I.INE  SHAFTING. 


3  /I  H  P 

Diameter  of  the  line  shafts  =  \  ~~W~~"  ^  ^* 

Compound  engines,  cranks  at  right  angles — 

Boiler  pressure  70  lbs.,  rate  of  expansion  6  to  7,  F  =  70. 

80        "  "  7  to  8,  F  =  72. 

90        **  "  8  to  9,  F  =  75. 

Triple  expansion,  three-cranks  at  120° — . 

Boiler  pressure  150  lbs.,  rate  of  expansion  10  to  12,  F  =  62. 

160        "  "  II  to  13,  F  =  64, 

'*  170        "  "         12  to  15,  F  =  67. 

Expansive  engines,  cranks  at  right  angles, 
and  the  rate  of  expansion  5,  boiler  pressure,  60 
lbs. ,  F  =  90. 

Single  crank  compound  engines,  pressure  80 
lbs. ,  F  =  96. 
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SCREW  PROPEI.I*ERS. 

The  area  of  blades  given  by  the  following  rule 
is  such  as  is  generally  found  to  give  good  results, 
and  may  be  used  by  those  who  have  no  good  ex- 
perience to  guide  them:— 


Total  area  of  screw-blades  =  K\/- 


I.  H.  P. 
revolutions 


The  value  of  K,  for  four-bladed  propellers,  is  15. 
"  "  three-  **  13. 

"  "  two-  "  10. 

THRUST  BEARING. 

D  =  diameter  of  thrust  collar. 

d  =  diameter  of  shaft. 

In  practice  the  thickness  of  each  collar  =  0.4 
(Z>  -  d). 

(i)  Space  between  the  collars,  if  rings  are  of 
solid  brass  =^  0.4  (D  -  ^/). 

(2)  Space  between  the  collars,  if  rings  are  of 
cast  iron  faced  with  brass  or  white  metal  =  0.75 
(D-d). 

(3.)  Space  between  the  collars,  if  rings  are  of 
hollow  brass  for  water  to  circulate  through  = 
D'-d. 

The  number  of  collars  depends  very  much  on 
the  size  of  the  engine  and  the  prejudice  of  the 
designer.  If  there  are  many  collars,  they  are  of 
necessity  somewhat  small,  and  although  the 
chances  are  in  favor  of  the  majority  of  them  act- 
ing efficiently,  allowance  must  be  made  for  the 
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contingency  of  the  whole  thrust  coining  only  on 
one  of  them,  and  the  larger  the  number  of 
collars,  the  less  able  is  each  one  separately  to  re- 
sist the  whole  thrust.  The  chief  objection  to  a 
few  collars  is  that  they  are  of  necessity  of  com- 
paratively lai^e  diameter,  and  have,  therefore,  a 
higher  speed  of  rubbing  surface;  there  is  also 
the  consideration  of  cost  of  forging  against  large 
collars. 

When  there  are  a  few  large  collars,  a  better  de- 


FiG.  33.— Common  Thrust-Bi/dck. 

sign  of  thrust-block  is  possible,  and  the  rings  can 
be  made  adjusiable  without  removal. 

The  number  of  collars  should  vary  with  the 
size  of  the  shaft,  and  a  very  good  rule  is  that 
there  should  be  one  collar  for  shafts  up  to  6  in- 
ches diameter,  and  then  an  additional  collar  for 
every  2  inches  of  diameter  beyond  this. 

The  common  plan  of  thrust-block  with  many 
collars  is  shown  in  Fig.  33,  and  a  modification  of 
the  same  is  made  by  having  the  rings  in  one 
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casting.  These  plans  are  cheap,  and  do  very 
well  for  small  engines.  So  long  as  no  heating 
is  allowed  to  take  place  in  the  bearing,  it  will 
work  very  well;  but  when  once  it  gets  out  of 
order  it  is  difficult  to  deal  with,  and  impossible 
to  adjust  at  sea.  It  suffers  from  being  enclosed, 
and  from  the  rings  lacking  means  of  independent 
adjustment.  Fig.  34  shows  a  plan  of  thrust- 
block  which  is  most  suitable  when  there  are  a 
few  large  collars.     Here  the  thrust  is  taken  by 


Fig.  34- 

horse-shoe  shaped  pieces  of  metal  faced  with 
brass  or  white  metal,  and  fitted  sometimes  care- 
fully into  recesses  on  either  side  of  the  main 
block.  When  faced  with  brass,  each  maybe  ad- 
justed very  simply  by  putting  thin  tin  liners  be- 
hind the  facings,  which  are  hung  on  steady  pins. 
Figs.  34  and  35  are  an  elaboration  of  the  form 
of  block.  Here  the  horse-shoes  fit  over  two 
screwed  bars,  one  on  either  side  of  the  block; 
nuts  are  fitted  to  these  bars,  so  that  each  collar 
may  be  adjusted  by  its  own  nuts,  or  the  whole 
of  them  by  the  nuts  at  the  end. 
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Both  these  plans  are  most  successful  in  prac- 
tice, in  great  measure  due  to  the  fact  that  the 
collars  are  open  and  exposed  at  the  top,  so  as  to 
be  easily  lubricated  and  cooled  by  the  air,  and  to 
their  running  in  oil,  or  in  a  mixture  of  oil  and 
soapy  water  contained  in  the  trough  below  them. 

It  is  most  important  that  a  bearing  be  placed 
close  to  the  thrust,  so  that  the  shaft  cannot 
vibrate  and  cause  uneven  pressure  over  the  sur- 
face of  the  collars.     The  function  of  the  thrust 


bearing  is  to  take  only  end  pressure.  This  is 
particularly  the  case  when  designed  with  horse- 
shoe rings. 

THE  CONDENSER. 

The  function  of  the  condenser  is  to  so  cool 
down  the  exhaust  steam  as  to  reduce  its  pressure 
to  a  minimum,  and  in  doing  so  the  steam  is  con- 
verted into  water. 

Condensing  engines  require  from  20  to  30  gal- 
lons of  water  to  condense  the  steam  represented 
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by  every  gallon  of  water  evaporated — approxi- 
mately for  most  engines,  we  say,  from  i  to  i^ 
gallons  per  minute  per  I.  H.  P.  Jet  condensers 
do  not  require  quite  as  much  water  for  condens- 
ing as  surface  condensers. 

Surface  condensers  should  have  about  2  square 
feet  of  tube  (cooling)  surface  per  horse-power  of 
steam  engine.  It  is  absolutely  necessary  to 
place  air-pumps  below  condensers  to  get  satis- 
factory results. 

In  general  practice  the  following  holds  good 
when  the  temperature  of  sea- water  is  about  60°: 


Terminal  pressure,  30  lbs.  absolute,  3  square  feet  per  I.H 


"                20       ** 

2.50        " 

15 

2.25        " 

I2>^      " 

2.00        " 

i<                                                                       JQ                                « 

1.80        " 

8        ** 

1.60        " 

6 

1.50        " 

P. 


For  ships  whose  station  is  in  the  tropics  the 
allowance  should  be  increased  by  20  per  cent., 
and  for  ships  which  occasionally  visit  the  tropics 
30  per  cent,  increase  will  give  satisfactory  re- 
sults. If  a  ship  is  constantly  employed  in  cold 
climates,  10  per  cent,  less  suflBces. 


AIR  PUMPS. 

The  function  of  this  pump  in  all  condensers  is 
to  abstract  the  water  condensed,  and  the  air 
which   wa«5  origfinally  contained   in   the  water 

16         *^ 
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when  it  entered  the  boiler;  and  in  the  case  of  jet 
condensers,  it  pumps  out  in  addition  the  water 
of  condensation  and  the  air  which  it  contained. 

TAe  Single-Acting  Vertical  Air-Pump^  having 
valves  in  the  bucket  as  well  as  foot  and  delivery 
valves,  is  by  far  the  most  eflScient,  and,  when 
possible,  is  generally  chosen.  If  the  rod  of  such 
a  pump  is  enlarged  or  the  bucket  has  a  trunk  to 
surround  the  rod,  which  is  attached  to  a  joint  in 
its  centre,  it  is  to  a  certain  extent  double-acting, 
since  on  the  upstroke  it  fills  the  chamber  in 
which  it  works,  on  the  downstroke  it  displaces, 
and  consequently  discharges  a  volume  equal  to 
the  volume  of  the  trunk  or  rod,  and  on  the  up- 
stroke discharges  the  remainder.  If  the  sec- 
tional area  of  the  rod  or  trunk  is  half  that  of  the 
bucket,  the  discharges  are  equal,  and  the  pump 
is  virtually  a  double-acting  one. 

The  following  table  gives  the  ratio  of  capacity 
of  cylinder  or  cylinders  to  that  of  the  air-pump; 
in  the  case  of  the  compound  engine,  the  low- 
pressure  cylinder  capacity  only  is  taken. 


Description  of  Pump. 


Single-acting  vertical. 


It 


t( 


« 
it 


Double-acting  horizontal. 


«t 
<t 

4i 
II 


It 
(« 
tl 


Description  of  Engine. 


K 


Jet-condensing,  expansion  z^  to  a 
Surface 

Surface 

II 


II 
II 
It 
t( 


It 
It 


3  ..to  5 


compound  .... 
Jet-condensing,  expansion  i^  to  s 
Surface       " 

Jet  '♦  ••  3     to  5 

Surface       '*  ** 

"  "       compound  .  •  •  • 


Ratio. 


6  to  8 

8toxo 

10  to  la 

13  to  15 

15  to  18 
10  to  13 
T3  to  16 

16  to  19 
19  to  24 
24  to  28 
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PUMP  BUCKETS. 

The  following  rules  give  the  dimensions  of  an 
ordinary  pump-bucket,  of  which  Fig.  36  is  an 
example: — 

^  —  0.3  X  f'D  +  o.  15  inch. 
D  is  the  diameter  of  the  pump  in  inches. 
The  thickness  of  the  disc  when  solid  .  .   . 

"         perforated 
flanges  at  edge  .   .   . 
metal  around  rod  end 
"           the  rim 
packing 


^  i.o  X  X, 
— 1.7  X  X, 

—  I.I  X  ^. 
— 1.5  X  X, 
— 1.0  X  X, 

—  I.I  X  X. 
ribs —  0.8  X  ^. 

The  breadth  of  the  packing —  4.0  X  ^. 

The  depth  of  bucket  at  the  middle —  6.0  X  ^. 

The  number  of  ribs,  one  for  each  4  inches  of  diameter. 


(( 


<( 


a 


<( 


t( 


(( 


Fig.  36. 


The  brass  liner  is  usually  from  ^  inch  to  ^ 
inch  diameter,  or  its  thickness  =  \.\x — 0.2  inch. 
The  size  of  the  circulating  pump  is,  to  a  large 
extent,  dependent  on  the  same  conditions  that 
determine  the  size  of  the  air-pump,  and  may, 
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therefore,  bear  a  constant  relation  to  the  size  of 
the  air-pump;  and  since  the  size  of  the  air-pump 
is  often  determined  by  the  size  of  the  cylinders, 
that  of  the  circulating  pump  may  be  found  in  a 
similar  manner.  When  the  air-pump  is  single- 
acting  the  capacity  of  the  single-acting  circu- 
lating pump  should  be  0.6  of  that  of  the  air- 
pump,  and  when  the  circulating  pump  is  double- 
actings  0.31. 

When  the  air-pump  is  double-acting^  the  ca- 
pacity of  the  double-acting  circulating  pump 
should  be  0.52  of  that  of  the  air-pump,  the 
double-acting  circulating  pump  being  more  effi- 
cient than  the  double-acting  air-pump. 

The  following  table  gives  the  ratio  of  capacity 
of  cylinder  or  cylinders  to  that  of  the  circulating 
pump. 


Description  of 

Description  of 

Ratio 

Pump. 

Engine. 

Single-acting. 

Expansive  i>^  to  2  times. 

13  to  16 

i(          (i 

'•        3     to  5       " 

20  to  25 

(<                  K 

Compound 

25  to  30 

Double-acting. 

Expansive  i>^  to  2  times. 

25  to  30 

i(         (( 

"        3     to  5       " 

36  to  46 

<(         (( 

Compound 

46  to  56 

WHEEI^ER'S  improved  SURFACE  CONDENSER. 

Figs.  37  and  38  show  the  combination  of  the 
Wheeler  Surface   Condenser  with  independent 


Fig.  37.— Whbbi^r's  Improved  Sukface  Condensh 


a  iNDBPKNDliNI  AlB  AKU  CIRCULATING  PLFUt, 
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system  of  air  and  circulating  pumps.  The  con- 
denser is  mounted  on  the  latter,  thus  saving  floor 
space,  which  is  of  considerable  importance  in 
engine  rooms  that  are  crowded  with  machinery, 
such  as  are  found  on  many  steam  vessels,  and  in 
numerous  factories  located  in  crowded  towns  and 
cities. 

In  this  design,  the  condenser  is  firmly  bolted 
down  on  the  pumps,  the  latter  serving  as  a  foun- 
dation, thereby  saving  expense  of  piping  between 
the  pumps  and  the  condenser.  As  shown  by 
the  sectional  view,  the  water  pump  delivers  the 
circulating  water  through  the  nozzle  C  directly 
into  the  lower  sections  of  tubes  in  the  condenser. 
From  thence  the  water  flows  by  the  passageway 
E  into  the  chamber  //",  passing  into  the  upper 
group  of  tubes,  and  finally  discharging  through 
the  outlet  nozzle  Z>,  as  shown  by  the  arrows. 

The  exhaust  steam  entering  at  the  nozzle  A 
comes  in  contact  with  the  scattering  plate  O, 
thereby  distributing  uniformly  over  the  cooling 
surface  of  the  tubes.  The  water  of  condensation 
gravitates  to  the  bottom  of  the  condenser,  and 
flows  directly  to  the  air  pump  by  the  annular 
passage  -ff,  the  air  pump  discharging  the  water 
through  the  outlet  nozzle  at  the  side  of  the 
cylinder.  Both  air  and  circulating  pumps  are 
operated  by  a  direct-acting  steam  cylinder  in  the 
usual  way. 

As  shown  by  the  sectional  view,  the  arrange- 
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inent  is  one  providing  very  thoroughly  for  the 
expansion  and  contraction  of  the  tubes,  and  this 
without  the  use  of  tube  packings  of  wood,  paper 
and  similar  materials.  In  fact,  there  are  no 
ferrules,  washers  or  packings  of  any  kind  em- 
ployed. 

The  tubes  are  seamless  drawn  brass,  carefully 
tinned  inside  and  outside.  The  tubes  are 
arranged  in  pairs,  the  smaller  tube  inside  the 
larger.  The  latter  is  thickened  at  one  end,  on 
which  a  substantial  deep  thread  is  chased.  This 
end  of  the  tube  is  screwed  into  a  head  of  brass, 
and  on  the  other  end  of  the  tube  is  screwed  a 
cap,  as  shown.  One  end  of  the  small  tube  is  also 
drawn  thick,  and  a  thread  chased  on  it.  This 
tube  is  also  screwed  into  a  head  of  brass.  The 
tubes  can  be  easily  taken  out  and  thoroughly 
cleaned,  as  their  form  and  the  manner  of  fasten- 
ing permit  of  this  being  readily  done. 

The  tightly  screwed  fastenings  for  tubes  also 
permit  the  use  of  circulating  water  under  press- 
ure, which  is  often  the  case  where  the  supply  is 
from  a  head  of  considerable  height;  in  other 
words,  there  are  no  tube  packings  of  any  kind  to 
be  forced  out  or  loosened  by  pressure  of  the  circu- 
lating water. 

The  circulation  of  water  is  very  thorough,  and 
consequently  the  smallest  amount  of  cooling 
water  is  required.  This  feature  gives  a  marked 
saving  in  the  power  necessary  for  circulating 
piimp. 


—Wheeler's  Improved  £ 
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In  a  test  recently  made  by  experts  with  a 
Wheeler  surface  condenser,  the  temperature  of 
injection  water  was  56  1-3  degrees,  temperature 
of  discharge  98  degrees,  temperature  of  hot  well 
138  degrees,  and  vacuum  24  1-2  inches,  101.8 
pounds  of  steam  was  condensed  per  hour  per 
square  foot  of  condensing  surface. 

In  another  test  the  condenser  was  worked  as  a 
simple  surface  condenser  without  vacuum,  and 
with  injection  78  1-2  degrees,  discharge  139  de- 
grees, hot  well  201  degrees,  204.2  pounds  of 
steam  per  hour  per  square  foot  of  condensing 
surface  was  condensed. 

The  condensers  are  made  with  and  without 
pumps  attached,  and  with  bodies  of  both  circular 
and  rectangular  shape.  The  larger  size  are 
usually  of  the  latter  design. 

INDEPENDENT  AIR  AND  CIRCLUATING  PUMPING 

ENGINE. 

The  United  States  battle  ship  Maine  is  to  have 
an  entire  outfit  of  steam  pumps  of  the  *' Blake" 
type,  including  the  independent  air  and  circulat- 
ing pumps  for  the  marine  engines  (see  Fig.  39). 

The  general  design  of  this  combined  air  and 
circulating  pumping  engine  is  similar  to  that 
now  in  use  on  the  United  States  cruisers  Chicago 
and  Dolphin  (which  were  also  furnished  by  the 
same  company),  with  the  exception  of  the  steam 
end  of  the  machine,  which  is  arranged  on  the 
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compound  system  in  order  to  economize  steam. 
There  will  be  two  of  these  pumping  engines  for 
the  battle  ship  Maine  (one  for  each  main  engine), 
and  the  dimensions  of  each  are  as  follows:  High 
pressure  steam  cylinder,  12  inches  in  diameter; 
low  pressure  steam  cylinder,  24  inches  in 
diameter;  air  pumps,  each  30  inches  in  diameter; 
circulating  water  pumps,  31  inches  in  diameter; 
the  length  of  stroke  is  less  than  two  feet,  owing 
to  the  limited  space  that  could  be  given  for  floor 
space. 

As  will  be  seen  by  the  Figure  (39),  the  air 
pumps  are  of  the  single  acting  vertical  type, 
worked  by  a  beam,  which  is  operated  by  means 
of  the  rock  shaft  from  the  direct-acting  pumping 
engine.  The  water  cylinder  is  of  the  ordinary 
double  acting  horizontal  type,  but  has  an  un- 
usually large  amount  of  valve  area,  so  as  to 
admit  of  high  piston  speed,  the  object  being  to 
reduce  weight  and  space  to  a  minimum,  and  yet 
secure  large  pumping  capacity.  The  high  and 
low  pressure  steam  cylinders  are  operated  by  the 
** Blake"  valve  gear,  which  is  adjustable  while 
the  pump  is  in  operation,  and  is  perfectly  posi- 
tive at  any  and  all  speeds.  The  adaptability  of 
the  direct  acting  engine  to  the  varying  and  un- 
certain load  of  an  air  pump  makes  this  system 
very  satisfactory.  The  pumps  of  the  U.  S.  S. 
Chicago^  Dolphin^  Boston  and  Atlanta  (also 
those  of  the  same  type  on  the  U.  S.  S.  Concord^ 
have  given  entire  satisfaction. 


p 


I 


Fig.  39. — Independent  Air  . 


._  ^J)0  ClRCUI.ATiNG   PUMWNG    EnGIN 


ENGINE  CX>NSTRUCTION — DETAILS.        189 

The  air  buckets  of  this  machine  are  of  special 
construction,  which  avoids  any  possibility  of  air 
pockets,  and  at  the  same  time  drains  the  chan- 
iiel  way  very  effectively  of  water,  so  as  to  assist 
the  free  flow  of  vapors.  The  air  and  pump 
cylinders  are  made  entirely  of  gun  metal  com- 
position, to  comply  with  the  government  speci- 
fications. This  secures  great  durability  and 
light  weight  The  water  cylinder  is  provided 
with  a  by-pass  valve  (not  shown),  so  that  the 
amount  of  circulating  water  can  be  regulated 
according  to  its  temperature,  which,  of  course, 
varies  with  the  seasons  of  the  year  and  other 
conditions. 

The  capacity  of  these  independent  air  and  cir- 
culating pumping  engines  is  for  4,000  I.  H.  P. 
each,  which  is  the  maximum  estimated  power  of 
each  of  the  triple  expansion  engines  of  the  bat- 
tle ship  Maine, 

FEED  PUMPS.  * 

The  duty  of  the  feed  pump  is  to  supply  the 
boiler  with  sufficient  water  to  meet  its  wants. 
It  is  supplied  from  the  hot*well,  so  that  when 
there  is  a  surface  condenser  its  supply  is  fresh 
water,  and  the  amount^  under  ordinary  circum- 
stances, is  the  same  as  that  evaporated  in  the 
boiler;  but  owing  to  leakage  and  waste  by  blow- 
ing the  steam  whistle,  or  using  an  auxiliary 
engine  which  exhausts  into  the  air,  the  quantity 
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of  water  condensed  is  not  always  suflScient  to 
make  up  for  that  evaporated.  It  is  found  neces- 
sary also  occasionally  to  blow  some  of  the  water 
out  of  the  boiler,  to  get  rid  of  scum  floating  on 
the  surface  of  the  water,  and  this  waste  must  be 
made  good  by  a  supply  from  the  sea.  The  water 
from  a  jet  condenser  is  very  nearly  as  salt  as  sea 
water,  and  this,  on  being  evaporated  in  the 
boiler,  leaves  behind  the  salt,  etc.,  so  that  unless 
some  precautions  were  taken  the  boiler  would  in 
time  become  filled  with  solid  matter.  To  pre- 
vent such  a  large  deposit  of  salt,  etc.,  in  the 
boiler,  it  is  customary  to  blow  out  some  of  the 
very  dense  water  from  the  boiler  at  fixed  inter- 
vals, and  as  the  blow-off  cock  is  situated  near 
the  bottom  of  the  boiler,  a  considerable  amount 
of  solid  matter  is  thus  got  rid  of;  the  quantity 
of  water  blown  out  is  made  up  by  an  extra  sup- 
ply from  the  hot-well.  Now,  since  the  surface 
condenser  may  leak,  or  an  accident  may  happen, 
whereby  jet  condensation  has  to  be  resorted  to, 
the  pumps  of  engines  fitted  with  surface  con- 
densers must  be  suflSciently  large  to  do  duty 
under  such  circumstances. 

Since  a  surface  condenser  supplies  pure  water 
for  feeding  the  boiler,  and  there  is  not  the  same 
need  for  blowing  off  the  boilers,  the  feed-pumps 
may  be  very  much  smaller  than  when  jet  conden- 
sation is  practised,  and  are  generally  of  such  a 
size  that  each  is  capable  of  delivering  three  times 
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the  net  feed-water ;  the  pumps,  when  both  are 
workingf,  can  then  deliver  six  times  the  net  feed, 
which  is  suflScient  to  satisfy  the  demands  should 
jet  condensation  become  necessary. 

The  following  empirical  formula  will  give 
such  sizes  as  will  be  found  in  practice: 

Capacity  of  each  feed-pump  -  capacity  of  cylinder 

The  following  are  the  values  of  C  when  the 
engine  is  surface-condensing:* 

Terminal  pressure  under  25  lbs C  — >  220. 

"  "      20  lbs C  — 250. 

**  "       15  lbs C— 320. 

I2>^  lbs C— 380. 

10  lbs C— 440. 

Compound  engines  generally  (taking  L.  P.  cylinder 

only) C— 400. 

The  net  feed- water  in  cubic  feet  per  stroke  is 
approximately 

^  area  of  piston  in  inches  X  stroke  in  feet  X  absolute  pres- 
sure at  release  -^  3,125,000 ;  or, 

Net  feed-water  in  pounds  per  stroke  approxi- 
mately 

—  area  of  piston  in  inclies  X  stroke  in  feet  X  absolute  pres- 
sure at  release  -1-  50,000. 

FEED    PIPES. 

Peed  pipes  leading  to  and  from  the  feed  pumps 
should  be  such  that  the  velocity  of  flow  does  not 
exceed  500  feet  per  minute,  and  small  pumps 
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should  have  larger  pipes  in  proportion,  so  that 
the  flow  through  them  does  not  exceed  400  feet. 
Since  the  amount  of  water  actually  flowing 
through  the  pipes  is  generally  very  considerably 
less  than  the  pumps  are  capable  of  discharging, 
the  velocity  is  seldom  more  than  one-half  the 
above  allowance;  but,  as  the  pumps  do  occa- 
sionally deliver  their  full  amount,  the  pipes 
must  be  large  enough  for  that  purpose. 

If  d  is  the  diameter  of  the  feed  pump  plunger, 
s  its  mean  velocity  in  feet  per  minute,  then  the 

diameter  of  feed  pipe  =  — V~  for  small  pumps, 

and  diameter  of   feed  pipe  =  —  V~  for  large 

pumps.  Example. — To  find  the  diameter  of  the 
feed  pipes  for  a  pump  whose  diameter  is  6  inches 
and  the  length  of  stroke  2  feet,  worked  from  the 
lever  of  an  engine  making  60  revolutions  per 
m  inute.  Here  j=2X6oX2  =  240  feet.  Diam- 
eter of  pipe  =  —1/240  =  4  inches.     If  there  are 

two  pumps  which  deliver  alternately,  the  pipes 
will  be  the  same  size  throughout;  but  if  the  two 
pumps  may  deliver  at  the  same  time,  the  pipe 
beyond  the  junction  of  the  two  from  the  pumps 
must  be  nearly  double  the  sectional  area  of  one. 
As  the  resistance  of  pipes  is  due  greatly  to 
friction  at  the  surface,  and  will  consequently 
vary  as  the  diameter,  while  the  area  of  the  sec- 
tion varies  as  the  square  of  the  diameter,  the  re- 
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sistance  in  the  single  pipe  will  be  considerably 
less  than  the  combined  resistance  in  the  two, 
and  for  this  reason  its  area  may  be  less.  In 
practice  this  area  may  be  0.8  of  the  combined 
area  of  the  two.  Hence,  when  there  are  two 
pumps  delivering  together,  diameter  of  main 
pipe  =  1.265  X  diameter  of  branches.  If  there 
were  two  pumps,  as  in  the  last  example,  deliver- 
ing together,  the  diameter  of  the  main  pipe 
would  be  4  X  1.265  =  5.06  inches.  The  rating 
of  so  many  horse-power  of  a  boiler  does  not  give 
us  the  required  data  for  determining  the  size  of 
pump  and  feed  pipes,  because  some  boiler 
makers  allow  10  square  feet  of  heating  surface 
per  horse-power,  some  12,  and  others  15  square 
feet.  We  must  know  the  number  of  pounds  of 
steam  used,  or  the  number  of  pounds  of  water 
the  boiler  is  capable  of  evaporating  in  a  given 
time,  and  from  this  data  determine  the  size  of 
pump  required,  and  then  find  the  size  of  feed 
pif)es  by  the  foregoing  rules. 

Sometimes  the  velocity  of  the  water  in  the 
suction  pipes  is  slower  than  that  in  the  dis- 
charge pipes,  therefore  the  discharge  pipes  in 
such  cases  are  made  smaller  than  the  suction 
pipes. 
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CHAPTER  XV. 

UNITED  STATES  GOVERNMENT  GENERAL  RULES 
AND  REGULATIONS  FOR  STEAM   (mARINE) 

BOILERS. 

1.  Every  iron  or  steel  plate  intended  for  the 
construction  of  boilers  to  be  used  on  steam-ves- 
sels shall  be  stamped  by  the  manufacturer  in  the 
following  manner:  At  the  diagonal  comers,  at  a 
distance  of  about  four  inches  from  the  edges, 
and  at  or  near  the  centre  of  the  plate,  with  the 
name  of  the  manufacturer,  the  place  where 
manufactured,  and  the  number  of  pounds  tensile 
strain  it  will  bear  to  the  sectional  square  inch. 

2.  Whenever  inspectors  shall  find  a  plate  of 
iron  or  steel  with  stamps  differing  as  to  the  ten- 
sile strength  of  the  material,  they  shall  rate  the 
tensile  strength  of  the  same  in  accordance  with 
the  lowest  stamp  found  thereon. 

3.  To  ascertain  the  tensile  strength  of  plates, 
a  piece  shall  be  taken  from  each  sheet  to  be 
tested,  the  area  of  which  shall  equal  one-quarter 
of  one  square  inch  on  all  plate  A  inch  thick  and 
under;  and  all  plate  over  A  inch  thick  the  area 
shall  equal  the  square  of  its  thickness;  and  the 
force  at  which  the  piece  can  be  parted  in  the 

(194) 
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direction  of  the  fiber  or  grain,  represented  in 
pounds  avoirdupois — the  former  multiplied  by 
four,  the  latter  in  proportion  to  the  ratio  of  its 
area — ^shall  be  deemed  the  tensile  strength  per 
square  inch  of  the  plato  from  which  the  sample 
was  taken;  and  should  the  tensile  strength  as- 
certained by  the  test  equal  that  marked  on  the 
plates  from  which  the  test-pieces  were  taken,  the 
plates  must  be  allowed  to  be  used  in  the  con- 
struction of  marine  boilers :  Provided  always. 
That  the  plates  possess  homogeneousness,  tough- 
ness, and  ability  to  withstand  the  eflFect  of  re- 
peated heating  and  cooling;  but  should  these 
tests  prove  the  plates  to  be  overstamped,  the  lots 
from  which  the  test-plates  were  taken  must  be 
rejected  as  failing  to  have  the  strength  stamped 
thereon.  But  nothing  herein  shall  be  so  con- 
strued as  to  prevent  the  manufacturers  from 
restamping  such  plates  at  the  lowest  tensile 
strength  indicated  by  the  samples,  provided 
such  restamping  is  done  previous  to  the  use  of 
the  plates  in  the  manufacture  of  marine  boilers. 
4.  Local  inspectors  are  required  to  make  and 
send  to  the  supervising  inspectors,  with  every 
sample  of  iron  or  steel  to  be  tested,  their  certifi- 
cate that  the  sample  sent  for  testing  was  cut  from 
the  plate  or  plates  to  be  used  in  the  boiler  desig- 
nated. And  the  manufacturer  of  any  boiler  to 
be  used  for  marine  purposes  shall  furnish  the  in- 
spectors an  affidavit  in  the  following  form,  sub- 
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scribed  to  either  by  himself  or  authorized  agent 
having  superintendence  of  the  construction  of 
such  boilers: 

affidavit  of  manufacturer  of  marine  steam-boii^ers. 

County  of , 

State  of ,  ss: 

On  this  day  of  ,  A.  D.  189 — ,  personaUy  ap- 
peared before  me.  a  notary  public  in  and  for  the  county  of 

and  State  of ,  Mr. ,  who, 

being  duly  sworn,  deposes  and  says  that  he  is  of 

,  boiler  manufacturer,  and  that  the  accompany- 
ing samples  of ,  manufactured  by ,  of 

,  were  cut  from  plates  stamped T.  S.,  which  are 

to  be  used  in  the  construction  of  a  marine  boiler  for , 

and  no  plate  of  less  tensile  strength  or  quality  than  herein 
specified  will  be  used  in  the  construction  of  said  boiler,  the 

dimensions  of  which  will  be ,  and  of  the  style  known 

as ,  to  be  used  upon  the  steamer . 


Sworn  and  subscribed  to  before  me  this day  of  • 

189—. 


Notary  Public, 

6.  To  ascertain  the  ductility  and  other  lawful 
qualities,  iron  of  45,000  pounds  tensile  strength, 
and  under,  shall  show  a  contraction  of  area  of  15 
per  cent,  and  each  additional  1,000  pounds  ten- 
sile strength  shall  show  one  per  cent  additional 
contraction  of  area,  up  to  and  including  55,000 
T.  S.  Iron  of  55,000  T.  S.  and  upwards,  show- 
ing twenty-five  per  cent  reduction  of  area,  shall 
be  deemed  to  have  the  lawful  ductility.  All 
steel  plate  of  one-half  inch  thickness  and  under 
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shall  show  a  contraction  of  area  of  not  less  than 
fifty  (50)  per  cent.  Steel  plate  over  one-half  inch 
in  thickness  shall  show  a  reduction  of  not  less 
than  forty-five  (45)  per  cent.  Provided^  however^ 
That  steel  plate  required  for  repairs  to  boilers 
built  previous  to  April  i,  1886,  may  be  used  for 
such  repairs  when  showing  a  contraction  of  area 
of  not  less  than  forty  (40)  per  cent. 

7.  In  the  following  table  will  be  found  the 
width — expressed  in  hundredths  of  an  inch — that 
will  equal,  near  enough  for  practical  purposes, 
one-quarter  of  one  square  inch  of  section  of  the 
various  thicknesses  of  boiler  plates: 


A'^  X  133 

.21  X  119 

.23  X  109 

%''  X  100 


.26  X  9S 

.29  X  86 

tV  X  80 

.33  X  76 


.35  X  71 
W  X  67 
A^'  X  57 
%''  X  50 


Fig.  40. 

8.  The  gauge  to  be  employed  by  inspectors  to 
determine  the  thickness  of  boiler-plates,  and  the 
widths  in  the  table,  will  be  any  standard  Ameri- 
can gauge  furnished  by  the  Treasury  Depart- 
ment 
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9.  All  samples  intended  to  be  tested  on  the 
Rielil^,  Fairbanks,  or  other  reliable  testing- 
machine,  must  be  prepared  in  form  according 
to  Fig.  40,  viz.,  eight  inches  in  length,  two  in- 
ches in  width,  cut  out  at  their  centers  in  the 
manner  indicated: 

la  All  tests  made  of  boiler  material  must  be 
recorded  upon  a  table  of  the  following  form: 

TBNSII.E  TESTS  OP  SAMPLES   OF   MATERIAL    IHTENDBD  TO 
BE  EMPLOYED  IN  THE  CONSTRUCTION  OF  BOILERS 

OF  STEAM-VBSSELS  MADE  ON 

TESTING-IdACHlNB. 


"SB 

1th 


■^^ 
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(l)  PRESSURE  ALLOWABLE  ON   BOILERS  OF  VARI- 
OUS DIMENSIONS  BUILT  PRIOR  TO 
FEBRUARY   28,  1872. 

I.  Boilers  built  prior  to  Februar>^  28,  1872, 
shall  be  deemed  to  have  a  tensile  strength  of 
50,000  pounds  to  the  sectional  square  inch, 
whether  stamped  or  not,  and  shall  be  tested 
under  the  rule  prescribed  for  boilers  inspected 
under  the  provisions  of  section  36  of  the  act  re- 
lating to  boilers  built  after  the  28th  of  February, 
1872. 

4e  4e  4c  4e  4c  4c  4t 

3.  The  pressure  for  any  dimension  of  boilers 
must  be  ascertained  by  the  following  rule,  viz: 

Multiply  one  sixth  (i)  of  the  lowest  tensile 
strength  found  stamped  on  any  plate  in  the 
cylindrical  shell  by  the  thickness — expressed  in 
inches  or  parts  of  an  inch — of  the  thinest  plate 
in  the  same  cylindrical  shell,  and  divide  by  the 
radius  or  half  diameter — also  expressed  in  inches 
— and  the  sum  will  be  the  pressure  allowable 
per  square  inch  of  surface  for  single  riveting,  to 
which  add  twenty  per  centum  for  double-rivet- 
ing. 

4.  The  hydrostatic  pressure  applied  must  be  in 
proportion  of  one  hundred  and  fifty  pounds  to 
the  square  inch  to  one  hundred  pounds  to  the 
square  inch  of  the  steam  pressure  allowed. 

5.  Where  flat    surfaces  exist,    the  inspector 
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must  satisfy  himself  that  the  bracing  and  all 
other  parts  of  the  boiler  are  of  equal  strength 
with  the  shell,  and  he  must  also,  after  applying 
the  hydrostatic  test,  thoroughly  examine  every 
part  of  the  boiler. 

6.  No  braces  or  stays  hereafter  employed  in 
the  construction  of  boilers  shall  be  allowed  a 
greater  strain  than  six  thousand  (6,000)  pounds 
per  square  inch  of  section,  and  no  screw  stay 
bolt  shall  ^e  allowed  to  be  used  in  the  construc- 
tion of  marine  boilers  in  which  salt  water  is 
used  to  generate  steam.  But  such  screw  stay 
bolts  may  be  used  in  staying  the  fire-boxes  and 
furnaces  of  such  boilers,  and  not  elsewhere,  when 
fresh  water  is  used  for  generating  steam  in  said 
boilers. 

7.  Plates  of  iron  or  steel,  used  in  the  construc- 
tion of  boilers,  extending  beyond  the  cylindrical 
shell  to  the  front  of  the  boiler  over  the  furnaces, 
shall  extend  at  least  12  inches  below  the  centre 
of  the  shell,  and  shall  not  be  of  less  tensile 
strength  or  thickness  than  the  adjoining  sheets 
in  the  cylindrical  portions  of  the  shell. 

RIVETED  FI.UES. 

8.  Flues  having  a  diameter  of  from  6  inches 
to  7  inches  shall  have  a  thickness  of  material  of 
not  less  than  .  18  of  an  inch,  and  if,  in  the  opin- 
ion of  the  inspectors,  it  is  deemed  safe,  be  al- 
lowed a  steam  pressure,  according  to  the  thick- 
ness of  material,  as  follows: 
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Thickness  of  material,  .j8,  .19,  .20,  .21. 

Pressure  in  pounds,  189,  194,  199,  204. 

Flues  having  a  diameter  of  over  7  inches,  and 
not  over  8  inches,  shall  have  a  thickness  of  ma- 
terial of  not  less  than  .20  of  an  inch,  and  if,  in 
the  opinion  of  the  inspectors,  it  is  deemed  safe, 
may  be  allowed  a  steam  pressure,  according  to 
the  thickness  of  the  material,  as  follows: 

Thickness  of  material,  .20,  .21,  .22,  .23,  .24. 

Pressure  in  pounds,  184,  189,  194,  199,  204. 

Flues  having  a  diameter  over  8  inches,  and 
not  over  nine  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .21  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .21,  .22,  .23,  .24,  .25, 
.26. 

Pressure  in  pounds,  179,  184,  189,  194,  199, 
204. 

Flues  having  a  diameter  over  9  inches,  and 
not  over  10  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .21  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .21,  .22,  .23,  .24,  .25, 
.26,  .27. 

Pressure  in  pounds,  174,  179,  184,  189,  194, 
199,  204. 
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Flues  having  a  diameter  over  lo  inches,  and 
not  over  ii  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .22  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  shall  be 
deemed  safe,  may  be  allowed  a  steam  pressure, 
according  to  the  thickness  of  material,  as  fol- 
lows: 

Thickness  of  material,  .22,  .23,  .24,  25,  .26, 
.27,  .28,  .29. 

Pressure  in  pounds,  169,  174,  179,  184,  189, 
194,  199,  204. 

Flues  having  a  diameter  over  11  inches,  and 
not  over  12  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .  22  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .22,  .23,  .24,  .25,  .26, 
.27,  .28,  .29,  .30. 

Pressure  in  pounds,  164,  169,  174,  179,  184, 
189,  194,  199,  204. 

Flues  having  a  diameter  of  over  12  inches,  and 
not  over  13  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .23  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  shall  be 
deemed  safe,  may  be  allowed  a  steam  pressure, 
according  to  the  thickness  of  material,  as  fol- 
lows: 

Thickness  of  material,  .23,  .24,  .25,  .26,  .27, 
.28,  .29,  .30,  .31,  .32. 
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Pressure  in  pounds,  159,  164,  169,  174,  179, 
184,  189,  194,  199,  204. 

Flues  having  a  diameter  over  13  inches,  and 
not  over  14  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .24  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .24,  .25,  .26,  .27,  .28, 

•29,  -30,  '3h  .32,  .33»  -34- 

Pressure  in  pounds,  154,  159,  164,  169,  174, 

179,  184,  189,  194,  199,  204. 

Flues  having  a  diameter  over  14  inches,  and 
not  over  15  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .25  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .25,  .26,  .27,  .28,  .29, 

.3O)  '3h  -32,  .33,  -34,  -35- 

Pressure  in  pounds,   147,  152,  157,  162,  167, 

172,  177,  182,  187,  192,  197. 

Flues  having  a  diameter  over  15  inches,  and 
not  over  16  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .27  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .26,  .27,   .28,  .29,  .30, 

•3i>  •32»  •33>  -34)  -35,  -36. 
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Pressure  in  pounds,  140,  145,  150,  155,  160, 
165,  170,  175,  180,  185,  190. 

LAP-WEI.DED  FI.UES. 

9.  lyap-welded  flues,  16  inches  and  not  less 
than  7  inches  in  diameter: 

To  determine  the  pressure  per  square  inch 
allowable  on  lap-welded  flues  18  feet  and  less  in 
length,  multiply  the  thickness  of  material  in 
hundredths  of  an  inch  by  the  constant  whole 
number  44,  and  divide  the  product  by  the  radius 
of  the  diameter  of  the  flue  in  inches;  the  quotient 
will  be  the  pressure  allowable. 

44  =  C,  constant. 

T  i—  thickness. 

R  — >  Radius  of  diameter  in  inches. 

P  -«  pressure  aUowable. 

Formula  :  9^^  m^  P. 
R 

EXAMPI.E. 

Length  of  flue,  18  feet;  diameter  of  flue,  14 
inches;  thickness  of  material,  ^1^: 
Constant,  44. 

Then,  44  X  3^  _.  j^^  j^g^  pressure  allowable. 
7 

For  every  foot  or  fraction  thereof  over  18  feet, 
deduct  three  pounds  per  square  inch  from  the 
pressure  allowable  on  a  flue  18  feet  in  length  or 
add  j^jj  of  an  inch  to  the  thickness  of  material 
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required  for  a  flue  18  feet  in  length  for  every  3 
feet  or  fraction  thereof  over  18  feet 

To  determine  the  thickness  of  material  for 
any  required  pressure,  multiply  the  pressure  in 
pounds  by  the  radius  of  the  diameter  of  the  flues 
in  inches,  and  divide  the  product  by  the  constant 
44;  the  quotient  will  be  the  thickness  required. 

Formula :  ^^^  —  T. 
C 

EXAMPLE. 

Required  the  thickness  of  material  for  a  flue 
18  feet  in  length  and  14  inches  in  diameter,  re- 
quiring a  working  pressure  of  195  pounds  to  the 
square  inch: 

^^^       '  — i  31  +,  thickness  required. 
44 

The  thickness  of  lap-welded  flues  shall  not  be 
less  than  the  product  of  the  constant  2. 20  multi- 
plied by  the  diameter  of  the  flues  in  inches, 
which  will  express  the  thickness  in  hundreths 
of  an  inch. 

Formula ;  C  X  D  —  T,  minimum  thickness. 

EXAMPLE. 

Required  the  least  thickness  allowable  for  a 
lap-welded  flue  14  inches  in  diameter: 

2.20  X  14  =  2?!??,  least  thickness  allowable. 
100 

Lap-welded  flues  7  inches  and  not  over  16  in- 
ches in  diameter,  over  s  feet  and  not  over  10 

18  '  ^ 
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feet  in  length,  shall  be  re-enforced  by  one 
wrought-iron  ring  attached  externally  at  the 
centre  of  the  flue. 

Lap- welded  flues  over  lo  feet  and  not  over  15 
feet  in  length  shall  have  two  wrought-iron  rings 
attached  to  the  flue  externally,  equidistant  be- 
tween the  ends  of  the  flue,  and  there  shall  be 
attached  one  additional  ring  for  every  5  feet  or 
fraction  thereof  over  15  feet  in  length. 

All  such  rings  shall  be  good  and  substantially 
made,  and  properly  and  securely  attached  to  the 
flues,  and  shall  have  a  thickness  of  material  of 
not  less  than  the  thickness  of  the  material  of  the 
flues,  and  a  width  of  not  less  than  2>^  inches: 
Provided^  however^  Where  such  flues  are  made 
in  lengths  of  not  over  5  feet,  and  fitted  one  into 
the  other,  and  substantially  riveted,  the  wrought- 
iron  rings  may  be  dispensed  with. 

Lap- welded  flues  seven  inches  in  diameter  and 
less,  shall  be  in  accordance  with  the  following 
table  of  thicknesses: 


Diam- 

Thick- 

Diam- 

Thick- 

Diam- 

Thick- 

eter. 

ness. 

eter. 

ness. 

eter. 

ness. 

Inches, 

Inches, 

Inches, 

Inches. 

Inches, 

Inches. 

7    .  .   . 

.165 

6.  .  . 

.165 

5.   .  .  . 

.148 

4>^    .   . 

.134 

4.   .   . 

.134 

3^.   .   . 

.120 

i^S  •  • 

.120 

3^.    . 

.120 

3.   .   .   . 

.109 

1%    .   . 

.109 

2%.   . 

.109 

2^.    .    . 

.095 

2    .   .   . 

.095 

i^.   . 

.095 

I>^.    .    . 

.083 

iX  . . 

.072 

I  .    .    . 

.072 
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10.  For  cylindrical  boiler  flues  over  16  and 
Jess  than  40  inches  in  diameter,  the  following 
formulas  shall  be  used  in  determining  the  pres- 
sure allowable: 

I^t     D  =  diameter  of  flue,  in  inches. 
1760  =  A,  constant. 

T  =  thickness  of  flue,  in  decimals  of  an  inch. 
P  =  pressure  of  steam  allowable,  in  pounds. 

iZ^=:  F,  a  factor. 
D 

.31  =  C,  a  constant. 

Formula :  ^  ^  "^  =  P. 
C 

EXAMPI^E. 

Given  a  flue  twenty  (20)  inches  in  diameter 
and  thirty-seven  one  hundredths  (.  37)  of  an  inch 
in  thickness;  required  the  pressure  allowable  by 
the  inspectors: 

12^=  F,  a  factor ;  iZ^=  88  =  F ;  then  supplying  values 

in  the  formula,  ^  ^^  =  p  we  have  ^^'^  =  p.   Perform- 

C  .31 

ing  the  operation  indicated,  we  have —    '^*  =  105  +  lbs., 

•31 
pressure  allowable. 

CORRUGATED  FURNACE- FI.UES. 

Sec.  10.  The  strength  of  corrugated  flues, 
when  used  for  furnaces  or  ste^m-chimneys  (cor- 
rugation not  less  than  i  j4  inches  deep),  and  pro- 
vided that  the  plain  parts  at  the  ends  do  not  ex- 
ceed 6  inches  in  length,  and  the  plates  are  not 
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less  than  ^  thick,  when  new  corrugated  and 
practicably  true  circles,  to  be  calculated  from 
the  following  formula: 
12500^  ^  _  press^u-e. 

T  =  thickness  in  inches. 

D  =  mean  diameter  in  inches. 

EXAMPLE. 

Given  a  corrugated  flue  40  inches  mean  diame- 
ter, y^  inch  thick;  required  the  pressure  allowed 
by  inspectors: 

P  =  I?5oo^  ^_  ^^500  X. 5  __ 62500 _    6      3g^^^ 

D  40        "^     40 

II.  The  formulas  for  cylindrical  lap-welded 
and  riveted  flues  in  boilers  to  be  used  as  furnaces, 
which  shall  be  used  by  inspectors  in  determin- 
ing the  pressure  to  be  allowed,  shall  be  as  fol- 
lows, viz: 

I/Ct       D  =  diameter  of  flue  in  inches. 
89600  =  A,  constant. 

T  =  thickness  of  flue  in  decimals  of  an  inch. 
L  =  length  of  flue  in  feet,  not  to  exceed  8  feet. 
P  =  pressure  of  steam  allowable,  in  pounds. 
Formula  :?96ooXT»_p 

EXAMPLE. 

Given,  a  flue  forty  (40)  inches  in  diameter, 
seven  (7)  feet  in  length,  and  five  (5)  tenths  of  an 
inch  in  thickness;  required  working  pressure  to 
be  allowed: 
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Substituting  values  in  the  formula,  and  per- 
forming the  operation  indicated,  we  have — 

p_89600XT'         89600  X. 25         22400       «^  IKc    r....nr^ 

LXD    "~     7X40  280"- 

Provided^  That  if  rings  of  wrought-iron  are 
fitted  and  riveted  properly  on,  around,  and  to  the 
flues,  in  such  manner  that  the  tensile  strain  on 
the  rivets  shall  not  exceed  6,000  pounds  per 
square  inch  of  section,  the  distance  between  the 
rings  shall  be  taken  as  the  length  of  the  flue  in 
the  formula. 

EXAMPI.E. 

Given,  a  flue  forty  (40)  inches  in  diameter, 
eight  (8)  feet  long,  and  five  (5)  tenths  of  an  inch 
in  thickness,  having  one  ring  at  the  middle  of 
its  length;  required  the  pressure  allowable  by 
the  inspectors. 

Substituting  values  in  the  formula,  and  per- 
forming the  operation,  we  have — 

p  _ 89600XT'      89600 X. 25  _ 2j4oo_        ^^     ^^^^^^ 
LXD  4  X  40  160  ~   ^  ^ 

12.  The  feed- water  shall  not  be  admitted  into 
any  boiler  at  a  temperature  less  than  one  hun- 
dred degrees  Fahrenheit  for  low-pressure  boilers, 
and  one  hundred  and  eighty  for  high-pressure 
boilers. 

13.  Whenever  steamers  use  a  pressure  upon 
their   boilers   exceeding   sixty   pounds   to   the 
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square  inch,  they  shall  be  inspected  as  high- 
pressure  steamers  and  designated  as  such. 

14.  Vertical  tubular  boilers  shall  not  be  used 
on  steamers  navigating  the  Red  River  of  the 
North  and  rivers  whose  waters  flow  into  the 
Gulf  of  Mexico,  unless  the  water-line  is  2  inches 
above  the  upper  end  of  the  tubes  and  fire-line. 

15.  All  steamers  navigating  rivers,  having 
boilers  externally  heated,  shall  have  a  clear 
space  of  not  less  than  six  inches  between  the 
boilers  and  wood-work  on  either  side,  and  four 
inches  on  the  top  of  said  boilers. 

16.  All  steamers  navigating  the  ocean,  sounds, 
lakes,  bays  and  rivers,  the  boilers  of  which  shall 
be  internally  heated,  shall  have  a  clear  space  of 
at  least  four  inches  on  either  side,  and  at  the  top 
not  less  than  two  inches  clear  space  above  the 
covering  of  the  boilers. 

17.  All  boilers  hereafter  placed  in  steamers 
shall  have  a  clear  space  of  at  least  eight  inches 
between  the  under  side  of  the  cylindrical  shell 
and  the  floor  or  keelson. 

All  man-holes  for  the  shell  of  boilers  shall 
have  an  opening  not  less  in  diameter  than  11  by 
15  inches  in  the  clear,  except  that  boilers  less 
than  34  inches  diameter  of  shell  have  an  open- 
ing in  the  clear,  in  man-holes,  of  not  less  than  9 
by  14^  inches;  all  boiler  shells  between  34  and 
38  inches  diameter,  an  opening  not  less  than  9 
by  16  inches,  and  all  boiler  shells  between  38 
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and  48  inches  in  diameter,  an  opening  not  less 
than  II  by  15^  inches. 

18.  All  wood-work  or  other  ignitible  substance, 
approaching  within  two  inches  of  the  boiler, 
shall  be  suitably  sheathed  with  metal,  so  ad- 
justed as  to  permit  a  free  circulation  of  air  be- 
tween the  sheathing  and  the  ignitible  surface. 

19.  All  boilers  shall  have  a  clear  space  at  the 
back  and  ends  thereof  of  two  feet  opposite  the 
back-connection  door.  Slip-joints  in  steam- 
pipes  shall,  in  their  working  parts,  when  the 
steamer  is  to  be  employed  in  navigating  salt 
water,  be  made  of  copper  or  composition. 

20.  There  shall  be  fastened  to  each  boiler  a 
plate  containing  the  name  of  the  manufacturer 
of  the  material,  the  place  where  manufactured, 
the  tensile  strength,  the  name  of  the  builder  of 
the  boiler,  when  and  where  built. 

21.  Every  sea-going  steamer  carrying  passen- 
gers shall  be  supplied  with  an  auxiliary  or  don- 
key boiler  of  sufficient  capacity  to  work  the  fire- 
pumps. 

22.  All  steamers  shall  have  inserted  in  their 
boilers  plugs  of  Banca  tin,  at  least  one-half  inch 
in  diameter  at  the  smallest  end  of  the  internal 
opening,  in  the  following  manner,  to  wit:  Cyl- 
inder boilers  with  flues  shall  have  one  plug  in- 
serted in  one  flue  of  each  boiler;  and  also  one 
plug  inserted  in  the  shell  of  each  boiler  from  the 
inside,  immediately  before  the  fire  line,  and  not 


ai2      THE  AMERICAN   MARINE  ENGINEER. 

less  than  four  feet  from  the  forward  end  of  the 
boilers.  All  fire-box  boilers  shall  have  one  plug 
inserted  in  the  crown  of  the  back  connection,  or 
in  the  highest  fire  service  of  the  boiler.  All  up- 
right tubular  boilers  used  for  marine  purposes 
shall  have  a  fusible  plug  inserted  in  one  of  the 
tubes  at  a  point  at  least  two  inches  below  the 
lower  gauge-cock,  and  said  plug  may  be  placed 
in  the  upper  head  sheet  when  deemed  advisable 
by  the  local  inspectors.  All  fusible  plugs,  un- 
less otherwise  provided,  shall  have  an  external 
diameter  not  less  than  that  of  a  one-inch  gas  or 
steam  pipe  screw-tap,  except  when  such  plugs 
shall  be  used  in  the  tubes  of  upright  boilers; 
plugs  may  be  used  with  an  external  diameter  of 
not  less  than  that  of  a  three-eighths  of  an  inch 
gas  or  steam  pipe  screw-tap,  said  plugs  to  con- 
form in  construction  with  plugs  now  authorized 
to  be  used  by  this  Board;  and  it  shall  be  the 
duty  of  the  inspectors  to  see  that  these  plugs  are 
filled  with  Banca  tin  at  each  annual  inspection. 

23.  All  steamers  having  one  or  two  boilers 
shall  have  three  suitable  gauge-cocks  in  each 
boiler.  Those  having  three  or  more  boilers  in 
battery  shall  have  three  in  each  outside  boiler 
and  two  in  each  remaining  boiler  in  the  battery; 
and  the  middle  gauge-cocks  in  all  boilers  shall 
not  be  less  than  four  inches  above  the  top  of  the 
flues,  tubes,  or  crown  of  the  fire-box. 

24.  I^ever   safety-valves    to    be    attached    to 
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marine  boilers  shall  have  an  area  of  not  less  than 
one  square  inch  to  two  square  feet  of  the  grate 
surface  in  the  boiler,  and  the  seats  of  all  such 
safety-valves  shall  have  an  angle  of  inclination 
of  45  degrees  to  the  center  line  of  their  axis. 

The  valves  shall  be  so  arranged  that  each 
boiler  shall  have  one  separate  safety-valve,  un- 
less the  arrangement  is  such  as  to  preclude  the 
possibility  of  shutting  oflF  the  communication  of 
any  boiler  with  the  safety-valve  or  valves  em- 
ployed. This  arrangement  shall  also  apply  to 
lock-up  safety-valves  when  they  are  employed. 

Any  spring-loaded  safety-valves  constructed  so 
as  to  give  an  increased  lift  by  the  operation  of 
steam,  after  being  raised  from  their  seats,  or  any 
spring-loaded  safety-valve  constructed  in  any 
other  manner,  or  so  as  to  give  an  effective  area 
equal  to  that  of  the  aforementioned  spring- 
loaded  safety-valve,  may  be  used  in  lieu  of  the 
common  lever-weighted  valve  on  all  boilers  on 
steam  vessels,  and  all  such  spring-loaded  safety- 
valves  shall  be  required  to  have  an  area  of  not 
less  than  one  square  inch  to  3  square  feet  of 
grate  surface  of  the  boiler,  and  each  spring- 
loaded  valve  shall  be  supplied  with  a  lever  that 
will  raise  the  valve  from  its  seat  a  distance  of 
not  less  than  that  equal  to  one-eighth  the  diam- 
eter of  the  valve-opening,  and  the  seats  of  all 
such  safety-valves  shall  have  an  angle  of  inclin- 
ation to  the  center-line  of  their  axis  of  45  degrees. 
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But  in  no  case  shall  any  spring-loaded  safety- 
valve  be  used  in  lieu  of  th«  lever-weighted 
safety-valve,  without  first  having  been  approved 
by  the  Board  of  Supervising  Inspectors. 

The  first  paragraph  of  this  section  applies  to 
valves  constructed  in  material,  workmanship  and 
principle  according  to  the  drawings  for  a  safety- 
valve  printed  with  these  rules,  and  all  common 
lever  safety-valves  to  be  hereafter  applied  to  the 
boilers  of  steam  vessels  must  be  so  constructed. 

When  this  construction  of  a  safety-valve  is 
applied  to  the  boilers  of  steamers  navigating 
rough  waters,  the  link  may  be  connected  direct 
with  the  spindle  of  the  valve:  Proinded  always^ 
That  the  fulcrum  or  points  upon  which  the  lever 
rests  are  made  of  steel,  knife  or  sharp  edged,  and 
hardened;  in  this  case  the  short  end  of  the  lever 
should  be  attached  directly  to  the  valve-casing. 
In  all  cases  the  link  requires  but  a  slight  move- 
ment, not  exceeding  one-eighth  of  an  inch. 

All  the  points  of  bearing  on  lever  must  be  in 
the  same  plane. 

The  distance  of  the  fulcrum  must  in  no  case 
be  less  than  the  diameter  of  the  valve-opening. 

The  length  of  the  lever  should  not  exceed  the 
distance  of  the  fulcrum  multiplied  by  ten. 

The  width  of  the  bearings  of  the  fulcrum  must 
not  be  less  than  three-fourths  (^)  of  one  inch. 

The  length  of  the  fulcrum  link  should  not  be 
less  than  four  inches. 
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The  lever  and  fulcrum  link  must  be  made  of 
wrought-iron  or  steel,  and  the  knife-edged  ful- 
crum points  and  bearings  for  the  points  must  be 
made  of  steel  and  hardened. 

The  valve,  valve-seat,  and  bushings  for  the 
stem  or  spindle  must  be  made  of  composition 
(gun-metal)  when  the  valve  is  intended  to  be  at- 
tached to  a  boiler  using  salt  water;  but  when  the 
valve  is  to  be  attached  to  a  boiler  using  fresh 
water,  and  generating  steam  of  a  high  pressure, 
the  parts  named,  with  the  exception  of  the  bush- 
ings for  the  spindle,  may  be  made  of  cast-iron. 

The  valve  must  be  guided  by  its  spindle,  both 
above  and  below  the  ground  seat  and  above  the 
lever,  through  supports  either  made  of  composi- 
tion (gun-metal)  or  bushed  with  it. 

The  spindle  should  fit  loosely  in  the  bearings 
or  supports. 

When  the  valve  is  intended  to  be  applied  to  the 
boilers  of  steamers  navigating  rough  waters,  the 
fulcrum-link  may  be  connected  directly  with  the 
spindle  of  the  valve;  providing  always,  that  the 
knife-edged  fulcrum  points  are  made  of  steel  and 
hardened,  and  that  the  vertical  movement  of  the 
valve  is  unobstructed  by  any  lateral  movement. 

In  all  cases  the  weight  must  be  adjusted  on  the 
lever  to  the  pressure  of  steam  allowed  in  each 
case  by  a  correct  steam-gauge  attached  to  the 
boiler.  The  weight  must  then  be  securely  fast- 
ened in  its  position  and  the  lever  marked,  for  the 
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purpose  of  facilitating  the  replacing  of  the  weight 
should  it  be  necessary  to  remove  the  same;  and 
in  no  case  shall  a  line  or  any  other  device  be 
attached  to  the  lever  or  weight  except  in  such  a 
manner  as  will  enable  the  engineer  to  raise  the 
valve  from  its  seat. 

Donkey  boilers  used  on  all  steam  vessels  for 
driving  pumps,  hoisting  engines,  electric  lights, 
or  other  purposes,  must  be  inspected  the  same  as 
the  main  steam-boi-lers,  and  supplied  with  water 
and  steam  gauges,  and  the  safety-valves  must 
comply  with  the  same  regulations  as  the  main 
boilers. 

The  area  of  all  openings  in  boilers  and  con- 
nections leading  from  boilers  to  safety-valves, 
both  the  lever  and  spring-loaded  valves,  used  on 
marine  boilers,  shall  not  be  less  than  the  area  of 
the  valve  used  in  said  safety-valve. 

25.  All  steam-gauges  heretofore  in  use  on 
steamers  shall  be  admissible  by  the  inspectors, 
and  other  steam-gauges  hereafter  made,  of  equal 
merit,  shall  be  allowed. 

26.  All  boilers  or  sets  of  boilers  shall  have  at- 
tached to  them  at  least  one  gauge  that  will  cor- 
rectly indicate  a  pressure  of  steam  equal  to  80  per 
cent,  of  the  hydrostatic  applied  by  the  inspectors. 

27.  The  appliances  in  use  on  steamers  con- 
structed prior  to  the  28th  of  February,  1872,  for 
determining  the  height  of  water  in  the  boilers, 
shall  be  considered  reliable  low-water  gauges. 
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28.  There  must  be  means  provided  in  all 
boilers  using  the  **  low- water  gauges,"  which  are 
operated  by  means  of  a  float  inside  the  same,  to 
prevent  the  float  from  getting  into  the  steam  pipe, 

29.  In  applying  the  hydrostatic  test  to  boilers 
with  a  steam-chimney,  the  test-gauge  should  be 
applied  to  the  "water-line"  of  such  boilers. 

30.  All  horizontal  cylindrical  boilers  used  on 
steamers  navigating  the  waters  flowing  into  the 
Gulf  of  Mexico  shall  be  provided  with  a  reliable 
low- water  gauge. 

31.  The  hydrostatic  test  applied  to  the  boilers 
of  towing  freight-boats  on  the  Mississippi  River 
and  its  tributaries  shall  be  in  the  proportion  of 
one  hundred  and  fifty  (150)  pounds  to  one  hun- 
dred pounds  working  steam  pressure  allowed; 
and  the  inspectors  shall  test  all  such  boilers  on 
said  steamers  for  the  amount  of  steam  allowed. 
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LICENSED  OFFICERS. 

1.  Before  an  original  license  is  issued  to  any 
person  to  act  as  a  master,  mate,  pilot,  or  engi- 
neer, he  must  personally  appear  before  some 
local  board  or  a  supervising  inspector  for  exami- 
nation; but  upon  the  renewal  of  such  license, 
when  the  distance  from  any  local  board  or  super- 
vising inspector  is  such  as  to  put  the  person 
holding  the  same  to  great  inconvenience  and  ex- 
pense to  appear  in  person,  he  may,  upon  taking 
the  oath  of  office  before  any  person  authorized  to 
administer  oaths,  and  forwarding  the  same,  to- 
gether with  the  license  to  be  renewed  and  Gov- 
ernment fee,  to  the  local  board  or  supervising 
inspector  of  the  district  in  which  he  resides  or  is 
employed,  have  the  same  renewed  by  the  said 
inspectors,  if  no  valid  reason  to  the  contrary  be 
known  to  them ;  and  they  shall  attach  such  oath 
to  the  stub  end  of  the  license,  which  is  to  be  re- 
tained on  file  in  their  office.  And  inspectors 
are  directed,  when  licenses  are  completed,  to 
draw  a  broad  pen  and  red  ink  mark  through  all 
unused  spaces  in  the  body  thereof,  so  as  to  pre- 
vent, so  far  as  possible,  illegal  interpolation  after 
issue. 

2.  The  classification  of  engineers  on  the  lakes 
and  seaboard  shall  be  as  follows: 

Chief  engineers  of  ocean  steamers. 
Chief  engineers  of  lake^  bay  and  sound  steam- 
erSk 
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Chief  engineers  of  river  steamers. 

First  assistant  engineers. 

Second  assistant  engineers. 

Third  assistant  engineers. 

Special  engineers. 

All  steamers  of  over  one  hundred  tons  burden 
shall  carry  at  least  one  chief  engineer. 

First  assistant  engineers  may  act  as  first  assist- 
ants on  any  steamer. 

Second  assistant  engineers  may  act  as  first  as- 
sistants on  steamers  of  seven  hundred  and  fifty 
tons  and  under,  and  second  assistants  on  any 
steamer. 

Third  assistants  may  act  as  second  assistants 
on  steamers  of  750  tons  and  under,  and  third  as- 
sistants on  any  steamer. 

Special  engineers  may  be  assigned  to  act  in 
any  capacity  for  which  they  are  qualified  on 
steamers  of  one  hundred  tons  and  under. 

Inspectors  may  designate  upon  the  certificate 
of  any  chief  engineer  the  tonnage  of  the  vessel 
on  which  he  may  act,  and  they  may  also  desig- 
nate any  assistant  engineer  as  special  engineer 
on  steamers  of  one  hundred  tons  or  under,  and 
may  restrict  an  engineer  to  a  particular  vessel. 

3.  Engineers  on  high  pressure  steamers  navi- 
gating rivers  shall  be  designated  as  chief  engi- 
neers (H.  P.),  assistant  engineers  (H.  P.),  and 
special  engineers  (H.  P.). 

Assistant  engineers  may  act  as  chief  engineers 
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on  high-pressure  steamers  of  one  hundred  tons 
burden  and  under,  of  the  class  and  tonnage,  or 
particular  steamer,  for  which  the  inspectors,  after 
a  thorough  examination,  may  find  them  quali- 
fied. In  all  cases  where  an  assistant  engineer  is 
permitted  to  act  as  first  [chief]  engineer,  the 
inspector  shall  state  on  the  face  of  his  certificate 
of  license  the  class  and  tonnage  of  steamers,  or 
the  particular  steamer,  on  which  he  may  so  act 

4.  It  shall  be  the  duty  of  an  engineer,  when 
he  assumes  charge  of  the  boilers  and  machinery 
of  a  steamer,  to  forthwith  thoroughly  examine 
the  same,  and  if  he  finds  any  part  thereof  in  bad 
condition,  caused  by  neglect  or  inattention  on 
the  part  of  his  predecessor,  he  shall  immediately 
report  the  facts  to  the  local  inspectors  of  the  dis- 
trict, who  shall  thereupon  investigate  the  matter, 
and  if  the  former  engineer  has  been  culpably 
derelict  of  duty,  they  shall  suspend  or  revoke  his 
license. 

5.  No  original  license  shall  be  issued  to  any 
person  to  act  as  engineer,  except  for  special 
license  on  small  pleasure  steamers,  who  cannot 
read  and  write,  or  who  has  not  served  at  least 
three  years  in  the  engineer's  department  of  a 
steam-vessel,  or  as  a  regular  machinist  in  a 
machine  works;  provided  that  any  person  who 
has  served  for  a  period  of  three  years  as  a  loco- 
motive or  a  stationary  engineer  may  be  licensed 
to  act  as  engineer  on  steam  vessels  after  having 
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had  not  less  than  one  year's  experience  in  the 
engineer's  department  of  a  steam*  vessel. 

CHANGES  IN  STEAMBOAT  RULES. 

Amendments  Made  by  the  Supervising^  In-- 
spectors  and  Approved. 

Section  5,  rule  5,  has  been  amended  so  that  no 
person  shall  receive  an  original  license  as  engi- 
neer who  has  not  served  at  least  three  years  in 
the  engineer's  department  of  a  steam  vessel,  ex- 
cept locomotive  and  stationary  engineers,  and  a 
regular  steam  engine  machinist;  and  no  person 
shall  receive  a  license  who  is  not  able  to  deter- 
mine the  weight  necessary  to  be  placed  on  the 
lever  of  a  safety-valve  to  withstand  any  given 
pressure  of  steam  in  a  boiler.  By  section  18  the 
grade  of  an  engineer  or  pilot  shall  not  be  raised 
during  the  term  for  which  the  license  was 
granted,  except  by  consent  of  the  board  that 
granted  the  license. 


CHAPTER  XVI. 

BURNING  OF  FUEL-* 

It  being  agreed  that  heat  is  the  agent  which 
does  work  in  an  engine,  and  that  steam,  air,  and 
vapor  are  but  the  instruments  for  transmitting 
the  motion  of  heat  to  the  machinery,  our  object 
will  be  to  store  up  in  an  elastic  working  sub- 
stance the  heat  derived  from  fiiel,  and  to  guard 
against  loss  as  far  as  possible. 

As  a  general  rule  chemical  ccmbination  is  ac- 
companied by  the  evolution  or  production  of 
heat,  and  chemical  decomposition  by  the  disap- 
pearance of  heat  equal  in  amount  to  that  pro- 
duced during  the  previous  combination  of  the 
elements  which  are  undergoing  separation. 

Combustion^  or  burning,  is  the  name  given  to 
rapid  chemical  combination  attended  with  the 
evolution  of  intense  heat 

It  is  necessary  to  bear  these  facts  in  mind  in 
estimating  the  heating  effect  of  fuel.  Thus, 
where  hydrogen  and  oxygen  exist  in  coal  in  the 
proportion  necessary  for  forming  water  (viz:  one 
of  hydrogen  to  eight  of  oxygen  by  weight,)  it  is 
usual  to  assume  that  they  do  not  influence  the 
heat  of  combustion. 

*  Goodeve. 
(222) 
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The  hydrogen  is  taken  to  have  been  already 
burnt  in  oxygen.  In  coal  there  may  be  5  per 
cent,  of  hydrogen,  and  4  per  cent,  of  oxygen:  this 
would  leave  4^  per  cent,  of  hydrogen  available 
for  heating  purposes.  There  appear  to  be  excep- 
tions to  the  above  rule,  and  Dr.  Percy  gives  the 
result  of  an  experiment  where  two  coals  closely 
agreeing  in  ultimate  composition  have  been 
found  to  differ  by  5  per  cent,  in  heating  power. 

The  composition  of  various  kinds  of  coal  is 
given  by  Dr.  Percy,  in  his  work  on  fuel,  and  it 
is  well  known  that  the  differences  in  the  consti- 
tuent parts  of  coal  are  very  great,  and  give  rise 
to  qualities  of  various  kinds  which  influence  the 
selection  to  be  made  for  heating  purposes. 

The  heat  given  out  in  the  burning  of  hydro- 
gen and  carbon  is  estimated  as  follows: 

Units  of  Heat. 
I  pound  of  hydrogen  consumes  about  36 

pounds  of  air  and  gives  out 62,032. 

I  pound  of  carbon  burnt  to  carbonic  oxide, 

about  6  pounds  of  air  and  gives  out.  .   .  4>452. 

I  pound  of  carbon  burnt  to  carbonic  acid, 

about  T2  pounds  of  air  and  gives  out .   .  i4)545* 

According  to  Dr.  Percy  the  heating  power  of  a 
substance  is  the  number  of  units  of  heat  produced 
by  the  combustion  of  a  unit  of  weight  of  the 
substance;  and  if  the  unit  of  heat  be  defined 
according  to  the  Centigrade  scale 

Heating  power  of  hydrogen  is  34,463. 
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Heating  power  of  carbon  is  2,473,  when  burnt  to  carbonic 
oxide. 

Heating  power  of  carbon  is  8,080,  when  burnt  to  carbonic 
acid. 

Also  I  pound  of  hydrogen  evaporates  64.2  pounds  of  water 
at  212°  Fah. 

Also  I  pound  of  carbon  (burnt  to  carbonic  oxide)  evapor- 
ates 4.6  pounds  of  water  at  212°  Fah. 

Also  I  pound  of  carbon  (burnt  to  carbonic  acid)  evaporates 
15  pounds  of  water  at  212°  Fah. 

It  does  not  appear  that  the  absolute  heat  of 
combustion  can  be  increased,  but  it  is  easy  to 
pile  up  the  waves  of  heat  in  an  enclosed  space, 
and  thereby  to  increase  wonderfully  the  apparent 
power  of  the  combustion. 

The  furnace  may  be  looked  upon  as  a  large 
chemical  apparatus  in  which  coal  and  air  are  to 
be  mixed  together  in  the  proportion  best  adapted 
for  burning  the  fuel  without  waste.  In  perform- 
ing this  operation,  an  engineer  falls  very  far  be- 
hind a  scientific  chemist  when  operating  on  a 
small  scale  in  his  laboratory. 

Thus  a  chemist  in  burning  one  pound  of  or- 
dinary coal  in  a  carefully  protected  chamber, 
would  cause  the  heat  from  the  fuel  to  evaporate 
(say)  14  pounds  of  water,  whereas  the  evapora- 
tion per  pound  of  coal  in  a  steam  boiler  seldom 
exceeds  10  pounds,  or  10^  pounds,  of  water,  a 
common  performance  being  the  evaporation  of 
from  6  pounds  to  8  pounds  of  water. 

Looking  at  the  question  as  one  of  admixture 
of  fuel    and   air,    the  rough   numbers   usually 
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quoted  on  the  authority  of  Rankine  are  the  fol- 
lowing: For  the  actual  burning  of  ordinary  coal 
in  a  furnace,  12  pounds  of  air  are  required  in 
order  to  combine  with  the  constituents  of  each  i 
pound  of  coal. 

But  the  gaseous  products  of  combustion  must 
be  largely  diluted,  otherwise  the  air  would  not 
get  at  the  fuel,  and  for  this  dilution  as  much  air 
again  is  required,  making  a  supply  of  24  pounds 
of  air  to  each,  pound  of  fuel. 

Thirteen  cubic  feet  of  air,  at  60*^  Fah.  and 
under  a  pressure  of  30  inches  of  mercury,  weigh 
about  I  pound.  Therefore  312  cubic  feet  of  air 
are  required  for  each  i  pound  of  fuel,  which 
comes  to  nearly  700,000  cubic  feet  of  air  for  the 
effective  burning  of  one  ton  of  coal. 

That  gas  and  hydrocarbon  vapor  proceeding 
from  coal  require  a  good  supply  of  air  for  burn- 
ing was  frequently  shown  by  Faraday  in  a  lec- 
ture experiment,  and  his  illustration  goes  to  the 
substance  of  the  whole  matter. 

The  device  was  to  soak  a  little  cotton-wool  in 
any  hydrocarbon  liquid,  and  set  it  on  fire  in  a 
jar  of  oxygen  gas.  In  such  a  case  the  hydrogen 
devours  the  oxygen  and  the  flames  light  up  with 
dazzling  brilliancy,  but  very  soon  the  supply  of 
oxygen  fails,  the  light  becomes  less,  when  all  at 
once,  for  no  apparent  reason,  the  burning  wool 
throws  out  a  dense  mass  of  black  flakes,  which 
fill  the  jar  in  a  thick  cloud. 
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The  quantity  of  soot  ejected  would  surprise 
any  one  but  a  chemist,  as  few  would  be  aware 
that  the  unburnt  liquid  was  capable  of  throwing 
out  such  a  supply  of  carbon. 

It  is  needless  to  say  that  the  eflFect  here  pro- 
duced in  the  jar  of  oxygen  is  the  same  as  that 
occurring  in  the  chimney  of  a  steam  boiler  when 
the  supply  of  air  is  defective,  the  result  being 
that  so  frequently  seen,  viz. :  the  pouring  out  of 
dense  black  smoke  into  the  atmosphere.  The 
loss  of  heat  from  unburnt  gases  may  also  take 
place  without  being  made  evident  by  the  issuing 
of  smoke.  Thus  carbonic  oxide  may  pass  away 
instead  of  carbonic  aid. 

There  have  been  a  great  number  of  inventions 
relating  to  the  prevention  of  smoke  in  steam 
boilers,  which  cannot  be  discussed  in  the  space 
here  available. 

Smoke  once  formed  cannot  be  burned.  The 
proper  thing  to  do  is  to  devise  means  to  prevent 
the  formation  of  smoke. 

The  various  modes  in  which  fuel  is  wasted 
have  been  classified  by  Rankine  somewhat  as 
follows: 

I.  Fuel  is  lost  by  the  escape  of  gases  in  an  un- 
burnt state,  or  by  permitting  black  smoke  to  be 
thrown  off. 

Here  the  supply  of  air  is  defective,  and  the 
physical  action  is  traced  to  the  remarkable 
affinity  of  hydrogen  for  oxygen  gas;  whereby  the 
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oxygen  is  absorbed  to  the  exclusion  of  carbon  in 
the  first  instance. 

2.  There  is  waste  from  external  radiation  and 
conduction.  M.  Peclet  states  that  the  quantity 
of  heat  radiated  from  incandescent  charcoal  is  5 
per  cent,  of  the  total  heat  of  combustion,  and 
that  the  heat  radiated  from  coal  somewhat  ex- 
ceeds that  radiated  from  charcoal.  The  practical 
conclusion  to  be  drawn  from  this  statement  is, 
that  the  heat  radiated  from  the  burning  fuel 
should  be  carefully  intercepted  in  every  direc- 
tion. 

Hence  the  economy  resulting  from  the  use  of 
an  internally  fired  boiler  with  internal  furnace 
tubes. 

As  to  the  heat  radiated  into  the  ash-pit,  that 
is  carried  back  again  to  the  fire  by  the  current  of 
entering  air.  In  respect  of  the  loss  of  heat  by 
conduction,  that  is  obviated  as  much  as  possible 
by  the  use  of  fire-brick;  and  where  the  furnace  is 
outside  the  boiler,  the  resistance  to  conduction 
is  increased  by  double  layers  of  brickwork  with 
enclosed  air  spaces  between  the  layers. 

3.  There  is  loss  of  heat  by  the  escape  of  gases 
up  the  chimney  at  a  temperature  above  that 
which  is  necessary  for  maintaining  the  draught. 

A  general  idea  of  the  value  of  a  chimney  in 
promoting  the  draught  of  a  fire  may  be  gathered 
from  a  statement  of  a  law  which  appears  to  be 
approximately  true,  viz :  That  the  velocity  of  air, 
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as  due  to  increased  pressure,  is  that  acquired  in 
falling  down  a  height  equal  to  the  uniform  col- 
umn which  gives  the  increased  pressure. 

In  making  any  calculation  on  this  subject  it  is 
usual  to  adopt  the  hypothesis  that  air  is  incom- 
pressible and  behaves  as  a  liquid. 

lyct  the  increase  of  pressure  support  5  inches 
of  water.  We  know  that  29.922x13.596  inches 
of  water  balance  the  pressure  of  the  atmosphere 
which  would  be  produced  by  a  stratum  of  incom- 
pressible air  26,214  feet  high. 

Therefore,  i  inch  of  water  will  balance  64.4 
feet  of  air. 

Hence  5  inches  of  water  balances  322  feet  of 
air:  therefore  velocity  due  to  increase  of  pressure 


=  1^64.4x322 
=  64.4/5 

s=  144  feet  per  second,  very  nearly. 

According  to  the  old  rule  the  area  of  the  chim- 
ney should  be  ^  that  of  the  fire-grate,  and  there 
should  be  i  square  foot  of  fire-grate  for  each 
horse-power. 

Rankine  gives  formula  for  computing  the 
height  of  a  chimney  in  order  to  produce  a 
given  draught,  and  states  that  the  best  chimney 
draught  takes  place  when  the  absolute  tempera- 
ture of  the  gas  in  the  chimney  is  to  that  of  the 
external  air  as  25  to  12,  or  when  the  density  of 
the  hot  gas  is  one-half  that  of  the  external  air. 
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For  example,  if  the  temperature  of  the  exter- 
nal air  be  50°  Fah.,  the  best  temperature  of  the 
hot  gas  in  the  chimney  will,  according  to  this 
rule,  be  602°  Fah.,  which  is  less  than  that  of 
melting  lead,  viz.,  620°  Fah. 

Hence  the  rule  that  to  insure  the  best  possible 
draught  in  a  chimney  the  temperature  of  the 
hot  gas  should  be  nearly  suflBcient  to  melt  lead. 

If  the  temperature  of  the  furnace  itself  be  esti- 
mated at  2,400°  Fah.  and  that  of  the  issuing 
gases  at  from  600°  Fah.  to  700°  Fah.  or  even 
higher,  as  is  often  the  case,  we  see  that  25  per 
cent,  of  the  heat  of  combustion  passes  up  the 
chimney  and  is  consumed  in  producing  a 
draught  of  air  through  the  furnace  grate. 

The  loss  of  heat  from  the  waste  gases  may  be 
lessened  by  the  use  of  an  economizer  for  heating 
the  feed-water. 

Sir  W.  Fairbairn,  in  his  treatise  on  ''Mills 
and  Millwork,"  describes  an  economizer  intro- 
duced by  Mr.  Green,  of  Wakefield,  as  consisting 
of  a  series  of  upright  tubes  forming  a  supple- 
mentary boiler  placed  in  the  main  flues,  and 
states  that  the  formation  of  soot  on  the  pipes 
was  the  source  of  the  ill  success  of  previous  at- 
tempts in  this  direction. 

This  difficulty  has  been  overcome  by  an  appa- 
ratus of  scrapers  or  cleaners,  and  it  is  found 
that  when  the  waste  gases  escape  at  a  tempera- 
ture of  400°  Fah.  or  500°  Fah.   the  feed-water 
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can  be  heated  to  an  average  of  225°  Pah.,  the 
temperature  of  the  gases  after  leaving  the  pipes 
being  reduced  to  250°  Fah. 

To  produce  this  effect  10  square  feet  of  heating 
surface  should  be  promded  for  each  horse-power. 

4.  Fuel  is  wasted  by  brittleness,  dust  and 
small  pieces  dropping  unburnt  through  the  bars 
into  the  ash-pit. 

5.  The  fuel  is  rendered  less  effective  by  the 
presence  of  earthy  compounds,  which  form 
clinkers,  abstract  heat  uselessly,  and  choke  up 
the  grate. 


CHAPTER  XVII. 

FORMS  OF  STEAM  BOII.ERS. 

The  construction  of  a  boiler  should  be  re- 
garded from  two  points  of  view:  (i)  There  is 
the  general  fonn  and  structure  adapted  to  sup- 
port the  bursting  pressure  of  the  steam.  (2) 
There  are  considerations  arising  from  the  un- 
equal action  of  the  heat  of  the  burning  gases, 
and  there  are  precautions  to  be  taken  for  dimin- 
ishing the  waste  of  heat. 

Considerations  which  influence  the  forms  of 
boilers, — The  early  boilers  were  designed  in  sim- 
ple defiance  of  all  mechanical  principles.  With- 
out doubt  the  safety  of  a  boiler  depends  on  the 
strength  of  the  metal,  but  it  is  quite  wrong  to 
say  that  it  is  independent  of  the  form  of  the 
shell,  and  any  one  who  thinks  for  a  moment  on 
the  subject  will  comprehend  that  a  cylindrical 
tube  of  some  kind  is  the  proper  vessel  wherein 
to  retain  a  supply  of  steam  under  pressure.  The 
strongest  form  of  a  vessel  for  holding  a  gas  under 
pressure  is  a  sphere :  that  is  the  natural  form 
for  the  purpose,  as  we  learn  in  blowing  a  soap- 
bubble. 

But  no  one  would   recommend  a  spherical 
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boiler,  there  are  so  many  practical  reasons 
against  it 

The  next  best  theoretical  form  is  a  cylinder, 
which  may  be  of  any  size,  and  only  suflFers  from 
weakness  at  two  ends. 

With  cylindrical  boilers  there  is  a  difficulty 
about  strengthening  the  ends. 

Theory  would  tell  us  to  make  the  ends  hemi- 
spherical, when  their  strength  would  be  as  much 
as  twice  that  of  the  cylindrical  sides.  There  is, 
however,  a  practical  objection  to  forming  a 
hemispherical  or  egg-end,  as  it  is  called,  from 
the  boiler  plate;  and  the  result  is  that  the  ends 
are  commonly  made  of  flat  plate,  which  is 
strengthened  artificially  in  such  a  manner  as  to 
give  security  against  danger.  As  to  the  strength 
of  boiler-plate,  the  general  rule  is  that  a  rolled 
plate  is  less  strong  per  square  inch  of  section 
than  a  thick  bar  of  the  same  iron. 

Also  the  reduction  of  strength  is  more  marked 
in  the  transverse  than  in  the  longitudinal  direc- 
tion. There  is  a  further  subtraction  from  the 
strength  by  riveting;  and,  according  to  Sir  W. 
Fairbaim,  the  breaking  strains  of  riveted  joints 
of  boiler  plate  are  estimated  somewhat  as  fol- 
lows: 

Pounds. 

Iron 5o,(xx> 

Double  riveted  joints 35,ooo 

Single  riveted  joints  .   •   ; 28,ocx> 

Per  square  inch  of  section. 
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Since  the  plates  after  rolling  are  stronger  in 
the  direction  in  which  they  are  rolled  than 
transversely,  it  is  apparent  that  they  should  be 
so  disposed  that  the  direction  of  greatest 
strength  should  encounter  the  greatest  strain. 

But  the  strain  on  the  longitudinal  section  is 
greater  than  that  on  the  transverse,  and  hence 
the  plates  are  wrapped  round  the  circumfer- 
ence. 

As  a  consequence  of  the  theoretical  dispropor- 
tion between  the  two  strains,  it  is  further  recom-- 
mended  that  the  longitudinal  seams  should  be 
double-riveted  with  '^-inch  rivets,  pitched  about 
2^  inches  longitudinally  and  2  inches  diagon- 
ally. 

The  transverse  seams  are  single-riveted,  the 
pitch  being  a  inches.  To  double-rivet  them 
would  appear  to  add  but  little  to  the  strength  of 
the  boiler,  though  it  would  increase  its  weight 
and  cost. 

The  tubes  diminish  the  area  of  the  flat  ends 
and  relieve  the  pressure  tending  to  rupture  the 
material  on  a  transverse  section.  They  further 
act  as  stays  for  holding  the  ends  together. 

On  both  these  accounts  a  boiler  with  internal 
tubes  becomes  stronger  than  it  would  be  with- 
out the  tubes,  so  far  as  transverse  rupture  is 
concerned.  The  flat  ends  remain,  however,  a 
source  of  anxiety,  and  in  order  to  support  them 
gusset  stays  and   tie  rods  are  employed,  as  to 
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which  something  will  be  said  after  the  disturb- 
ing action  of  heat  has  been  noticed. 

EFFECT  OF  HEAT. 

The  wear  and  ultimate  strength  of  a  boiler 
are  greatly  influenced  by  adopting  a  construc- 
tion which  shall  provide  for  the  inevitable 
changes  of  form  caused  by  unequal  expansion 
and  contraction  due  to  changes  in  temperature. 

Heat  is  motion,  and  as  soon  as  the  fire  inside 
a  furnace  flue  is  lighted,  the  metal  on  the  top 
becomes  more  heated  than  under  the  surface, 
and  the  tube  arches  itself  in  consequence  of  the 
greater  expansion  of  the  hotter  portion. 

And  not  only  so,  but  the  flue  lengthens  as  a 
whole,  and  the  flat  ends  bulge  outwards.  Fi- 
nally the  water  becomes  heated  and  the  whole 
structure  elongates,  and  unless  sufficient  allow- 
ance be  made  for  the  pulsating  movements, 
straining  will  occur,  which  may  possibly  end  in 
rupture. 

The  linear  expansion  of  wrought  iron  (soft 
forged)  under  the  action  of  heat  is  stated  to  be 
.0012204  for  a  rise  in  temperature  from  0°  C.  to 
100°  C. 

Thus  a  bar  of  iron  30  feet  long  expands  about 
A  inch  for  a  rise  in  temperature  of  132.2°  C. 

The  expansion  of  the  parts  of  a  boiler  as 
caused  by  heat  is  of  course  capable  of  accurate 
measurement;   and  in  particular  the  so-called 
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hogging  of  a  boiler  flue  has  been  observed  by 
applying  three  gauge  rods  attached  at  equal 
distances  along  the  crown  of  the  tube  ;  each  rod 
is  carried  vertically  upwards,  and  passes  through 
a  stuffing  box  in  the  shell  of  the  boiler,  whereby 
it  has  been  possible  to  observe  very  accurately 
the  distortion  of  the  flue. 

One  boiler  experimented  on  was  a8  feet  long, 
and  it  was  found  that  the  flue  rose  }i  inch  when 
the  flame  passed  around  the  boiler  in  the  ordi- 
nary way  along  the  side  flues,  and  that  it  rose 
j4  inch  when  the  flame  was  carried  directly  into 
the  chimney  without  heating  the  outer  shell. 

The  gauge-rod  at  one-fourth  the  length  of  the 
boiler  from  the  front  end  rose  as  much  as  that, 
and  in  one  case  ^  in.  more. 

Also  the  colder  the  water  at  starting  the 
greater  was  the  distortion,  and  generally  the  ac- 
tion was  more  severe  just  after  the  lighting  of 
the  fires.  As  soon  as  the  whole  of  the  water 
became  permanently  heated  the  gauge-rods  re- 
tired to  their  primary  position,  the  distortion  of 
the  flues  seldom  lasting  for  more  than  an  hour. 
Mr.  Fletcher  recommends  that  the  end  plates  of 
boilers,  to  be  used  at  a  pressure  of  75  pounds  per 
square  inch,  should  be  )4  inch  in  thickness,  in- 
creasing to  A  inch  for  increased  pressure  within 
moderate  limits,  excessive  thickness  being  un- 
desirable, as  confining  or  restraining  the  neces- 
sary movement  of  the  furnace  tubes.     The  object 
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is  to  strengthen  the  end  plate,  and  yet  to  pre- 
serve its  elasticity;  and  in  carrying  out  this  in- 
tention it  is  a  rule  to  attach  the  plate  at  the 
front  of  the  boiler  to  the  shell  by  external  angle 
iron.  This  mode  of  construction  is  not,  how- 
ever, adopted  at  the  opposite  end. 

The  furnace  flues  are  a  vulnerable  part  of  the 
boiler,  inasmuch  as  they  are  liable  to  yield  by 
collapsing  unless  sufficiently  strengthened. 

The  subject  of  strengthening  the  internal 
tubes  of  the  internal  fire-flue  boiler  was  investi- 
gated by  Sir  W.  Fairbairn,  whose  experiments 
led  to  the  following  conclusions: 

(i)  The  strength  of  a  tube  to  resist  collapse  by 
external  pressure  is  inversely  as  its  diameter. 

(2)  The  strength  varies  inversely  as  the 
length. 

(3)  The  collapsing  pressure  in  pounds  per 
square  inch 

2.19 
=8o6^ooy       (Thickness  of  plate  in  inches.) 
Iveugth  in  feet X  diameter  in  inches. 

In  these  experiments  the  ends  of  the  tubes 
were  firmly  attached  to  rigid  plates,  and  the 
vessel  in  which  the  compressing  force  was 
applied  was  a  cast-iron  cylinder  8  feet  long,  28 
inches  in  diameter,  and  2  inches  thick,  which 
could  be  safely  strained  as  far  as  500  pounds  per 
square  inch. 

Into  this  cylinder  air  was  forced  by  a  pump, 
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and  produced  any  required  pressure  on  the  sur- 
face of  a  quantity  of  water  which  nearly  filled 
the  cylinder,  and  in  which  the  tube  under  trial 
was  completely  immersed.  There  were  two 
gauges  for  reading  the  pressure,  and  a  safety 
valve  in  addition,  which  was  loaded  by  a  weight 
The  experiments  made  by  Sir  W.  Fairbaim 
were  valuable  as  calling  attention  to  a  material 
subject  connected  with  the  construction  of 
boilers;  but  it  appears  that  a  special  contrivance 


Fig.  41. 


Fig.  42. 


Fig.  43- 

for  strengthening  furnace  flues,  while  allowing 
at  the  same  time  for  their  expansion  and  con- 
traction, had  been  originated  some  years  prior 
to  the  researches  to  which  reference  has  been 
made.  At  a  meeting  of  the  Institution  of  Me- 
chanical Engineers  held  in  1876,  Mr.  Adamson 
stated  that  he  had  first  employed  a  '*  flanged 
seam,"  as  it  is  termed,  for  the  strengthening  of 
furnace  flues,  as  early  as  the  year  1851. 
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The  Figs.  41,  42  and  43,  exhibit  three  forms 
of  joints  as  applicable  to  tubes  subjected  to  ex- 
ternal pressure. 

The  first,  marked  a,  consists  of  a  ring  of 
T-iron,  riveted  as  shown.  It  is  abundantly 
strong,  and  is  in  a  form  which  has  been  adopted 
for  centuries  past  in  strengthening  guns.  The 
weakness  of  a  tube  to  resist  a  bursting  pressure 
on  a  longitudinal  section  has  been  already  dem- 
onstrated, and  a  common  method  of  strengthen- 
ing it  has  been  to  apply  parallel  rings  at  inter- 
vals along  its  length. 

In  this  way  steam  cylinders  of  great  length, 
which  are  subjected  alternately  to  a  bursting  and 
compressing  pressure,  have  been  strengthened. 
Every  one  is  aware  of  the  accession  of  strength 
caused  by  the  flange  of  a  pipe.  Since  action 
and  reaction  are  equal  and  opposite,  we  might 
have  anticipated  that  a  form  of  tube  constructed 
so  as  to  withstand  a  bursting  pressure  from 
within,  would  also  be  the  form  best  adapted  for 
resisting  a  collapsing  pressure  from  without. 

The  difficulty  of  calculation  in  the  latter  case 
arises  from  the  liability  to  deformation,  which  is 
soon  set  up,  after  which  theory  is  of  little  use  in 
enabling  us  to  predict  a  result. 

But  although  the  joint  a  has  ample  strength, 
it  is  deficient  in  another  quality  which  is  of  im- 
portance, viz.,  it  does  not  permit  any  alteration 
of  length.  The  whole  furnace  tube  is  rigid,  and 
expands  or  contracts  as  one  piece. 
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Whereas,  in  the  joint  marked  d,  the  expan- 
sion or  contraction  of  each  length  of  the  tube  is 
provided  for  by  the  arched  or  the  corrugated 
piece,  and  here  there  is  increased  strength  com- 
bined with  power  of  expanding  or  contracting 
freely.  In  the  joint  ^,  which  is  known  as 
**Adamson's  flanged  joint,"  there  is  the  strength 
of  the  T-iron  directly  combined  with  the  curved 
end,  which  allows  of  unimpeded  expansion  or 
contraction. 

The  arrangement  is  most  convenient  and  effect- 
ive, and  is  particularly  valuable  as  giving  a 
seam  where  the  rivets  are  protected  from  the  fur- 
nace gases,  and  are,  in  fact,  immersed  in  water, 
one  consequence  of  the  construction  being  that 
the  joint  will  bear  intense  heat  much  better  than 
any  other  where  the  rivets  are  exposed. 

STRENGTH  OF  BOILERS. 

While  the  pressure  acts  from  the  centre  radi- 
ally out  to  the  circumference  on  an  indefinite 
number  of  radial  lines,  the  mathematics  of  the 
strength  of  the  shell  supposes  that  the  pressure 
acts  as  the  arrows  a,  ^,  a,  a^  in  Fig.  45,  that  is, 
tending  to  lift  the  top  from  the  bottom.  In  Fig. 
44  the  pressure  represented  by  arrow  a  is  resisted 
by  arrow  a\  and  similarly  arrow  b  and  V  resist 
each  other,  and  as  each  is  equal,  we  may 
assume  any  one  direction  as  that  in  which  the 
pressure  acts,  as  «,  a,  «,  «,  in  Fig.  45,  tending  to 
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part  the  boiler  through  the  line  i,  b.  We  might, 
as  stated  above,  assume  any  other  direction  of 
the  pressure,  but  as  the  shell  is  as  strong  through 
i,  ^  as  it  is  through  any  other  similar  section, 
the  strength  as  ascertained  at  ^,  b  will  be  the 
strength  of  the  boiler.  The  standard  of  compar- 
ison between  dififereilt  brands  of  boiler  iron  is 
based  on  the  strength  of  a  square  bar  of  that 
iron,  the  sides  of  which  are  one  inch  in  length, 
and  a  section  through  the  bar  representing  one 
square  inch.  The  tensile  strength  of  such  a  bar 
will  average  50,000  pounds.  Assuming,  then, 
that  the  pressure  tends  to  tear  the  top  from  the 
bottom  of  the  shell,  it  is  apparent  that  the  force 
acting  to  do  this  is  represented  by  the  length  of 
the  shell  in  inches,  multiplied  by  the  diameter 
in  inches  and  by  the  pressure  per  square  inch. 
The  iron  being  the  same  thickness  throughout 
the  shell,  we  will  also  assume  that  a  section 
one  inch  in  length  of  the  boiler  is  a  facsimile 
as  to  strength  of  any  other  section  of  similar 
length.  The  iron  being  A  of  an  inch  thick  and 
one  inch  (assumed)  in  length,  it  is  plain  that  its 
strength  is  but  h  of  our  standard  of  comparison, 
50,000  (or  15,625  pounds).  Now,  as  we  have 
two  sides  of  the  boiler  of  A  thick,  we  must 
double  the  above  amount,  which  =  31,250 
pounds,  as  the  strength  of  our  section  if  it 
were  without  a  joint.  The  strength  of  a  single- 
riveted  seam  (Fig.  46)  has  been  ascertained  to  be 
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but  56  per  cent  of  the  solid  iron,  and  hence  we 
must  take  that  percentage  of  31,250  to  arrive  at 
the  strength  of  the  weakest  portion,  which,  of 
course,  comes  under  the  principle  that  the 
strength  of  any  structure  is  equal  only  to  its 
weakest  part.  56  per  cent,  of  31,250  =  17,500, 
which  is  the  product  of  the  length  of  our  section 
(i  inch )  X  by  the  diameter,  say  48  inches,  mul- 
tiplied by  the  pressure  per  square  inch  necessary 
to  burst  the  boiler.  We  have,  therefore,  in 
order  to  find  the  pressure  per  square  inch  neces- 
sary to  burst  the  boiler,  only  to  divide  17,500  by 
the  diameter  (the  length  being  i  inch  or  unity). 
This  gives  us  nearly  365,  which,  divided  again 
by  our  factor  of  safety,  we  will  take  as  6  (or  the 
working  pressure  =  to  J  the  bursting  pressure), 
and  we  obtain  60  nearly,  as  the  proper  working 
pressure. 

The  strength  of  a  joint,  like  Fig.  46,  through 
the  rivet  holes,  may  be  found  by  taking  the 
length  a^  less  the  diameter  of  one  hole  multiplied 
by  the  number  of  holes.  This  leaves  the  length 
of  solid  iron  between  the  holes,  which,  multi- 
plied by  the  thickness  and  by  the  strength  of  a 
sectional  inch,  and  from  15  to  20  per  cent, 
deducted  from  the  result,  for  injury  done  the 
iron  by  the  punch,  leaves  the  probable  strength 
of  metal  between  the  holes.  A  staggered  or 
double-riveted  joint,  shown  in  Fig.  53,  has  70 
per  cent  of  the  strength  of  the  solid  sheet,  as  as- 
21 
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certained  by  Pairbaim's  experiments.  From 
inspection,  it  will  be  seen  that  there  is  as  much 
metal  between  the  holes  A,  c  and  h^  fzs  there  is 
between  c^  f.  The  metal  between  the  holes  is 
much  greater  than  in  Pig.  46,  while  the  number 
of  rivets  is  in  proportion  to  the  metal  left  be- 
tween the  holes,  and  hence  the  strength  of  the 
joint  may  be  deducted  from  the  metal  left  be- 
tween the  holes  on  a  line,  a^  b.  The  strength 
of  a  rivet,  to  resist  shearing,  is  about  50,000  lbs. 
per  square  inch,  hence  the  sectional  area  of  one 
rivet,  multiplied  by  the  number  of  rivets,  and 
again  multiplied  by  50,000,  will  closely  approxi- 
mate their  shearing  or  detensive  strength.  The 
rivet  area  strength  should  be  kept  as  nearly 
equal  as  possible  to  the  strength  of  sheet  between 
the  holes.  The  strength  of  the  sheet  to  resist 
crushing  is  represented  by  Pig  47.  It  is  plain 
that  if  the  rivet  does  not  shear,  nor  the  sheet 
rupture  between  the  holes,  the  part  a  must  be 
pushed  or  sheared  out  of  the  way,  if  rupture 
takes  place.  The  resistance  which  the  part  of 
piece  a  offers  is  represented  by  the  area  ^,  b^  or 
the  length  rf,  by  the  thickness  of  the  plate  plus 
the  equal  area  ^,  ^,  and  the  whole  multiplied  by 
the  detensive  strength  of  the  sheet,  which  is 
about  50,000  lbs.  per  square  inch.  In  designing  a 
joint,  the  piece  a.  Pig.  47,  the  shearing  strength 
of  the  rivets  and  the  strength  between  the  holes 
should  be  as  nearly  equal  as  possible,  to  make 
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as  strong  a  joint  as  is  possible.  The  joint 
shown  in  Pig.  51  has  a  welt  piece  a,  added,  and 
is  much  used  in  boiler  work.     It  does  not  add  as 


Fig.  44. 

much  strength  as  is  commonly  accredited  to  it. 
The  line  of  rivets  d  and  f^  Fig.  48,  is  com- 
monly spaced  twice  as  far  as  the  middle  one  e^ 
and  therefore  presents  only  half  the  shearing 


Fig.  45. 

strength  of  rivets  that  line  e  does,  and  hence  if 
rupture  were  to  take  place  it  would  occur  first 
through  either  d  ox  f^  if  it  were  not  for  the 
stronger  joint  e.     Therefore,   after  the  internal 
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pressure  exceeeds  the  strength  of  joint  </or/^  they 
are  no  longer  of  use,  as  rupture  is  alone  pre- 
vented by  the  superior  strength  of  the  joint  e. 
The  welt  strengthens  the  joint  simply  because  it 
puts  the  rivet  ^,  Fig.  51,  into  double  shear,  that 
is,  the  rivet  must  be  sheared  through  the  line  h 
and  /,  and  therefore  presents  double  resistance. 
The  part  of  the  plate  in  front  of  the  rivet  must 
be  proportionally  increased  to  meet  the  increased 
resistance,  and  the  pitch  of  the  holes  increased 
as  much  as  possible  and  still  retain  a  tight  joint. 
A  combination  of  this  joint  and  the  staggered 
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Fig.  46. 

riveted  joint  would  make  the  strongest  possible 
longitudinal  joint,  as  it  would  give  the  greatest 
amount  of  metal  between  the  holes,  and  also 
present  the  rivet  in  double  sheet.  Fig.  49  shows 
a  mode  of  making  a  joint  by  which  the  strength 
might  be  made  equal  to  that  of  the  solid  sheet 
The  distance  between  the  holes,  by  making  the 
joint  long  enough,  might  be  made  equal  to  the 
width  of  the  sheet,  or  in  excess  of  it,  for  injury 
done  in  punching.  The  joint  shown  in  Fig.  52 
is  not  strengthened  by  the  second  row  of  rivets, 
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barring  the  grip  due  to  contraction  of  the  extra 
rivets,  as  the  strength  of  metal  between  either 
row  is  the  same,  as  is  also  the  number  of  rivets, 
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etc. ;  and  the  joint  is  as  weak  through  one  row 
of  rivets  as  the  other.  We  have  been  considering 
the  longitudinal  strength  only.  The  transverse 
strength  of  a  boiler  is  that  which  prevents  one 
end    from    being   torn  from  the  other.     This 


strength  is  represented  by  the  thickness  of  the 
iron  ^  by  the  circumference  x  by  the  strength 
of  a  sectional  inch,  and  the  whole  less  the  per- 
centage of  loss  due  to  the  kind  of  joint  How- 
ever, a  single  rivet  joint  will  suffice,  generally, 
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as  the  boiler  is  about  twice  as  strong  transversely 
as  longitudinally. 

Persons  buying  boilers  would  do  well  to  have 
samples  of  the  iron,  from  which  the  boiler  is  to 
be  built,  tested  for  tensile  strength,  and  take  no 
interested  parties'  word,  or  bond  either,  on  that 
point.     An  actual  test  settles  the  matter  beyond 
doubt     All  holes  should  be  drilled  and  rounded 
in  the  inner  edge,  as  shown  at  a,  a,  a,  a,  Fig. 
50,  as  a  drilled  hole,  if  not  rounded, 
will  shear  the  rivet  sooner  than  a 
punched  hole.     Flat  surfaces  should 
be  stayed  to  from  six  to  ten  times 
the  pressure  they  are  to  resist.     The 
area  of  rivets  holding  crow-feet  to 
boiler  heads,  etc.,  should  be  equal 
to  the  stay  coupled  to  said  crow-foot.  0 

It   is   a    good   plan   to  make   stays 
coupled  to  crow  feet  slightly  shorter 
than  the  required  length.     Expand 
them  by  heat,  and,  on  cooling,  they 
will  all  be  found  tight  and  neces- 
sarily   bearing    their    proportional 
strain.     It  is  a  bad  plan  to  collect 
one   end   of   stays   (such   as   crown 
sheet  stays  when  stayed  to  shell)       fig.  51. 
into  a  smaller  area  than  the  other, 
as  it  is  plain  to  be  seen  that  the  smaller  area 
must  resist  more  than  its  share  in  proportion  as 
its  area  is  smaller, 
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Fig.  52. 


Fig.  53. 


CHAPTER  XVIIL 

MODERN  MARINE  BOILERS. 

Construction.  * 

Cylindrical  Boiler. — To  avoid  altogether  the 
necessity  for  vertical  stays  as  well  as  the  trans- 
verse horizontal  ones,  the  shell  is  of  necessity  a 
complete  cylinder;  and,  although  it  was  the 
demand  for  the  higher  pressures  which  became 
possible  after  the  introduction  of  the  surface 
condenser  that  brought  the  cylindrical  boiler 
into  general  use,  the  form  is  often  adopted  now 
for  pressures  as  low  as  30  pounds. .  It  is  lighter, 
cheaper  and  easier  to  make  than  the  box  boiler, 
and  quite  as  durable  when  worked  under  similar 
conditions  ;  on  the  other  hand,  it  occupies  more 
space,  and  has  not  so  much  steam  space  for  the 
same  amount  of  grate  and  heating  surface  as  the 
box  boiler.  The  oval  boiler  ( Fig.  54 ),  however, 
which  is  a  modified  form,  does  not  waste  so 
much  space  as  the  cylindrical  boiler  proper,  and 
although  somewhat  more  expensive  than  the 
latter,  it  is  still  far  cheaper  than  the  box  boiler. 

There  are  many  varieties  of  cylindrical  boilers 
in  use  in  the  mercantile  marine,  but  they  may 
be  divided  generally  into  two  classes,  viz: 

*  Seaton. 
(249) 
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( 1 )  Single-ended^  or  single  fired  boiler. 

( 2 )  Double-ended^  or  double  fired  boilers. 
The  Single-ended  Boiler  has  furnaces  and  tube 

only  at  one  end,  and  is  constructed  up  to  as 
large  as  17  feet  diameter  and  11  feet  long.  The 
chief  difficulty  in  designing  such  large  boilers 
on  this  plan,  is  to  provide  adequate  grate  area 
for  the  total  heating  surface  which  can  be  ob- 
tained. The  number  of  furnaces  cannot  well 
exceed  four,  and  is  more  generally  three  in  large 
single-ended  boilers. 

Small  boilers  have  usually  two  furnaces,  and 
with  this  number  are  more  efficient  than  with 
three  even  when  of  moderate  size. 

The  number  and  size  of  the  furnace  must, 
however,  depend  on  the  size  of  the  boiler  and 
the  heating  surface  it  is  to  contain.  It  is  found 
in  practice  that  large  furnaces  are  more  efficient 
as  coal  consumers  than  small  ones,  and  the  rea- 
son is  not  far  to  seek.  The  grate  area  with  the 
same  length  of  fire-bar  increases  as  the  diameter, 
while  the  section  through  which  the  air  passes, 
both  above  and  below  the  bars,  increases  as  the 
square  of  the  diameter ;  it  is  also  possible  to  give 
a  good  inclination  or  rake  to  the  bars  with  a 
large  furnace,  which  very  materially  assists 
combustion.  In  practice  the  fire-bars  are  not  of 
course  always  of  the  same  length,  but  they  do 
not  increase  in  length  as  the  furnace  does  in 
diameter,  and  consequently  the  air  passages  in- 
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crease  more  rapidly  than  does  the  grate  area 
when  the  diameter  of  furnace  is  increased. 
Furnaces  should  not  be  less  than  36  inches,  nor 
more  than  48  inches  in  diameter,  except  under 
exceptional  circumstances.  Taking  this  as  a 
rule  for  guidance,  boilers  may  be  made  up  to  9 
feet  diameter  with  one  furnace,  up  to  13  feet  6 
inches  diameter  with  two  furnaces,  up  to  15  feet 
with  three  furnaces,  and  beyond  that  diameter 
four  furnaces  are  necessary  to  avoid  too  great 
length  of  grate. 

A  single  furnace  boiler  has  of  course  one  com- 
bustion chamber,  a  two-furnace  boiler  may  have 
one  chamber  common  to  the  two  furnaces,  or  a 
separate  one  to  each.  When  there  is  only  one 
boiler  in  the  ship  the  latter  plan  is  preferable,  as 
then  the  bursting  of  a  tube  cannot  wholly  dis- 
able the  boiler;  when  there  are  two  or  more 
boilers  one  chamber  common  to  the  two  fur- 
naces is  preferable,  as  by  stoking  the  fires  al- 
ternately an  even  supply  of  steam  is  kept  up 
and  the  smoke  consumed.  A  three-furnace 
boiler  has  usually  three  separate  combustion 
chambers,  and  the  same  remark  applies  to  it  as 
to  the  two-furnace  boiler.  The  four-furnace 
boiler  has  generally  only  two  combustion 
chambers,  one  wing  and  one  middle  furnace 
having  a  common  chamber;  but  some  engineers 
prefer  three  chambers,  the  two  middle  furnaces 
having  one  in  common,  and  each  wing  furnace 
a  separate  one. 


J 
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The  chief  objection  to  two  large  furnaces  in- 
stead of  three  smaller,  and  to  three  larger  ones 
instead  of  four  smaller,  is  the  longer  grate  re- 
quired to  get  the  requisite  area,  and  to  the  large 
amount  of  dead  water  between  the  furnaces  at 
the  bottom.  There  is  also  to  be  considered  the 
limit  placed  by  the  rules  to  avoid  risk  of  col- 
lapsing by  direct  crushing  of  the  metal,  which 
often  prevents  the  adoption  of  the  larger  furnace 
with  the  higher  pressures. 

It  is  unusual  and  certainly  most  difficult  to 
use  plates  above  i  %  inch  thick  in  the  construc- 
tion of  a  boiler  shell,  and  it  is  this  consideration 
which  fixes  the  limit  of  diameter.  For  this 
reason  when  a  working  pressure  of  100  pounds 
and  upwards  was  required,  the  large  single- 
ended  boiler  made  of  iron  could  not  be  em- 
ployed; indeed,  80  pounds  was  then  taken  as 
the  limit  of  pressure  for  the  very  large  diameter 
boiler. 

T/ie  Double-ended  Boiler  has  furnaces  at  both 
ends  with  return  tubes  over  them,  and  is  gen- 
erally tantamount  to  two  single-ended  boilers 
back  to  back,  but  with  the  backs  removed.  It 
is  made  up  to  16  feet  diameter  and  as  much  as 
20  feet  long;  but  such  very  large  boilers  are  un- 
usual, partly  owing  to  the  want  of  facilities  for 
moving  such  a  great  weight,  and  partly  because 
the  conditions  under  which  such  large  boilers 
are  possible  are  limited  to  very  large  steamers. 
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The  double-ended  boiler  is  lighter  and 
cheaper  in  proportion  to  the  total  heating  sur- 
face than  a  single-ended  boiler,  and,  its  evapora- 
tive efficiency  in  practice  is  generally  higher. 
On  the  other  hand,  greater  care  is  necessary  in 
designing  and  in  working  it  That  it  is  lighter 
is  obvious,  and  that  it  is  cheaper  may  be  in- 
ferred from  the  fact  that  there  is  less  material, 
and  less  labor  consequent  on  the  reduced 
quantity  of  material. 

The  simplest  form  of  this  kind  of  boiler  is  one 
in  which  all  the  furnaces  open  into  one  common 
combustion  chamber;  this  form,  although  at  one 
time  common  enough,  is  now  seldom  adopted. 
The  objections  to  it  are,  that  the  bursting  of  one 
tube  will  disable  the  whole,  that  the  cleaning  of 
one  fire  causes  the  efficiency  to  sink  very  low  on 
account  of  the  whole  being  affected  by  the  in- 
rush of  cold  air,  and  that  unless  special  means 
be  provided  to  promote  proper  circulation,  there 
is  a  strong  tendency  to  prime. 

The  next  simplest  form  is  one  in  which  oppo- 
site furnaces  have  a  combustion  chamber  in 
common,  that  is,  it  diflfers  from  the  first  by  hav- 
ing the  combustion  chamber  divided  longitud- 
inally by  water  spaces.  This  avoids  the  chief 
objections  raised  against  the  first  form,  while 
retaining  its  chief  advantages,  which  are,  sim- 
plicity of  construction,  by  avoiding  the  flat  back 
of  the  combustion  chambers,  with  the  necessary 
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stays,  etc.,  and  the  greatest  heating  surface 
within  the  smallest  limits  of  length.  It  is  often 
urged  against  this  form  of  boiler  that  the  tubes 
are  very  liable  to  leakage  at  their  back  ends, 
arising  from  the  rush  of  cold  air  against  the  tube 
plate  when  the  door  of  the  furnace  opposite  it  is 
open,  causing  it  to  buckle.  It  sometimes  hap- 
pens that  the  tubes  in  this  kind  of  boiler  do 
show  a  tendency  to  leak,  but  it  is  then  generally 
due  to  the  want  of  expansion  pn  the  part  of  the 
first  row  of  stays  above  the  combustion  chamber, 
when  they  are  placed  too  close  to  the  tubes.  If 
these  stays  are  at  least  12  inches  above  the  tubes, 
so  as  not  to  hold  the  front  tube  plates  too  rigidly, 
then  when  steam  is  being  got  up  the  expansion 
of  the  tubes  simply  causes  the  plates  to  spring 
very  slightly,  instead  of  to  start  their  ends  and 
cause  them  to  leak.  The  leakage  from  spring- 
ing of  the  tube  plate  from  exposure  to  cold  air 
can  only  take  place  when  the  combustion  cham- 
ber is  unduly  short,  and  when  there  is  an  insuf- 
ficient number  of  stays  to  the  tube  plates. 

This  particular  form  of  boiler  is  very  generally 
used  ;  the  evaporative  results  obtained  from  it 
are  most  satisfactory,  and  experience  does  not 
show  it  to  be  liable  to  more  leakage  than  other 
boilers.  Common  care  only  is  required  in  rais- 
ing steam,  and  the  opening  of  fire-doors  to  check 
evaporation  is  a  reprehensible  practice  at  all 
times  and  for  all  boilers.     A  brick  semi-partition 
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in  the  middle  of  the  combustion  chamber  will 
prevent  the  cold  air  rushing  on  to  the  opposite 
tube  plate,  and  it  acts  also  as  an  equalizer  of 
temperature  in  the  combustion  chamber  at  all 
times.  If,  however,  the  combustion  chamber  is 
too  small,  this  will  onljrmagnify  the  defect  by 
causing  intense  local  heat,  and  thus  tending  to 
crack  the  plates. 

Another  form  of  double-ended  boiler  (Fig.  56) 
has  the  furnaces  at  one  end  with  one  chamber 
common  to  them,  and  those  at  the  other  end 
with  another  chamber  in  common.  The  boiler 
is  then  longer  than  either  of  the  other  forms,  and 
more  expensive  ;  the  combustion  chambers  have 
large  flat  backs,  requiring  a  very  large  number 
of  stays,  which  prevent  their  being  properly 
cleaned  from  scale. 

The  last  form,  which  is  by  far  the  most  ex- 
pensive and  heaviest,  but  is  still  often  adopted, 
is  one  in  which  each  furnace  has  an  independent 
combustion  chamber.  There  is  little  need  of 
description,  as  it  is  to  all  intents  and  purposes 
as  two  single  boilers,  except  that  the  water  and 
steam  are  common  to  the  two  parts. 

Oval  Boilers  are  included  under  the  generic 
term  of  cylindrical,  as  they  partake  of  the  prin- 
cipal features  of  that  class.  The  transverse  sec- 
tion is,  however,  not  an  ellipse,  but  is  really 
formed  by  two  semicircles  with  a  rectangle  in- 
tervening between  them.     The  flat  sides  thus 


MODERN   MARINE  BOILERS.  259 

left  between  the  semi-cylinders  require  staying, 
the  first  rows  being  at  the  commencement  of 
the  flat  There  are  both  single-  and  double- 
ended  oval  boilers,  which  for  pressures  under  80 
lbs.  may  be  made  both  simply  and  economically 
to  very  large  sizes,  as  the  thickness  of  shell 
plate  depends  on  the  diameter  of  the  cylindrical 
part  Two  very  large  furnaces  may  be  thus 
fitted  into  a  cylindrical  part  of  comparatively 
small  diameter,  sufficient  heating  surface  being 
obtained  by  giving  the  requisite  height.  This 
form  is  most  convenient  when  the  boilers  have 
to  be  stowed  fore  and  aft,  when  the  diameter  is 
limited  by  the  breadth  of  the  ship  between  the 
stringers. 

Dimensions  of  a  Boiler. — The  amount  of 
grate  area  is  the  consideration  which  chiefly  af- 
fects the  choice  of  dimensions  of  boiler,  and  to 
a  very  large  extent  the  number  and  form  of  the 
boilers  also  are  governed  by  it.  The  rectangu- 
lar boiler  can  be  made  of  any  breadth  without 
in  any  way  aflfecting  its  length  or  height,  so  that 
the  number  of  furnaces  can  be  settled  arbitrar- 
ily, and  any  addition  to  the  number  only  means 
some  additional  breadth.  In  small  ships  with 
the  boiler  athwartships  and  fore  and  aft  stok- 
ing,  the  breadth  of  the  ship  does  place  a  limit  to 
the  breadth  of  boiler,  even  when  rectangular, 
but  it  seldom  operates  so  as  to  seriously  interfere 
with  the  boiler  arrangement.     The  cylindrical 
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boiler  is  not  so  elastic  in  the  hands  of  the  de- 
signer ;  to  increase  the  number  of  furnaces  in  it 
the  diameter  must  be  increased,  which  means 
that  both  breadth  and  height  are  affected.  If 
two  furnaces  of  40  inches  diameter  be  the  limit 
for  a  boiler  10  feet  in  diameter,  that  there  may 
be  adequate  heating  surface,  and  14  feet  is  the 
suitable  diameter  for  three  furnaces  of  40  inches 
diameter,  the  grate  bars  being  of  the  same 
length  in  both  cases,  the  increase  in  boiler  ca- 
pacity is  96  per  cent,  for  an  increase  of  50  per 
cent,  of  grate.  The  smallest  diameter  of  shell 
into  which  three  40-inch  furnaces  can  be  fitted 
so  as  to  give  adequate  heating  surface,  is  13  feet 
6  inches,  which  is  an  increase  in  capacity  of  82 
per  cent,  over  the  boiler  10  feet  in  diameter. 
Four  40-inch  furnaces  require  a  shell  of  at  least 
16  feet  diameter,  which  means  an  increase  of 
156  per  cent,  to  obtain  100  per  cent,  increase  of 
grate.  To  arrange  four  40-inch  furnace$  so  as 
to  be  convenient  for  stoking,  a  shell  of  17  feet 
diameter  is  required,  which  means  an  increase 
of  189  per  cent,  over  the  shell  of  10  feet  diam- 
eter ;  if,  instead  of  increasing  the  number  of 
furnaces  by  increasing  the  diameter  of  shell, 
the  number  of  shells  be  increased,  the  space 
occupied  is  considerably  in  excess  of  the  direct 
ratio  of  grate  areas. 

It  is  true  that  to  some  extent  increase  of  grate 
area  may  be  obtained  by  increasing  the  length 
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of  furnace,  but  the  efficiency  of  a  grate  in  prac- 
tice is  nearly  inversely  as  its  length  ;  for  a  long 
grate  cannot  be  nearly  so  well  attended  to  as  a 
short  one,  nor  is  the  air  supply  either  under  or 
over  the  bars  so  good  with  a  long  furnace ;  since 
the  area  of  section  at  the  mouth,  with  the  same 
diameter  of  furnace,  is  the  same  whether  the 
bars  be  short  or  long. 

Area  of  Fire  Grate. — ^The  area  of  fire  grate 
required  for  the  evaporation  of  a  certain  weight 
of  steam  depends  on  the  quantity  and  quality  of 
the  fuel  burned  on  it;  the  quantity  of  coal  is 
generally  dependent  to  a  large  extent  on  the 
quality.  It  may  be  assumed  that  one  pound  of 
good  steam  coal  will  evaporate  lo  pounds  of 
water  in  the  ordinary  marine  boiler,  7  pounds  in 
a  locomotive  boiler,  as  fitted  to  torpedo  boats, 
when  not  being  forced,  and  6  pounds  when 
forced  to  the  utmost ;  also  that  in  the  mercantile 
marine,  where  the  coal  is  only  of  average  qual- 
ity, 8  to  9  pounds  is  a  fair  result,  and  6  to  8 
pounds  only  can  be  obtained  with  the  coal  sup- 
plied in  some  foreign  ports.  The  quantity  of 
coal  burnt  on  a  square  foot  of  grate  per  hour 
with  natural  draught  is  about  20  pounds,  under 
favorable  circumstances ;  with  good  stoking  and 
very  good  draught  as  much  as  25  pounds  may  be 
consumed ;  but  under  ordinary  circumstances 
only  15  pounds  should  be  supplied  to  obtain 
complete  combustion  and  economical  results. 
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From  this  it  will  be  seen,  (i)  that  the  greatest 
weight  of  steam  evaporated  per  square  foot  of 
grate  per  hour,  under  the  most  favorable  cir- 
cumstances, is  10x25,  or  250  pounds;  (2)  that 
with  bad  fuel  and  economical  stoking  it  may  be 
only  6x15,  or  90  pounds;  (3)  that  with  fairly 
good  fuel  and  favorable  circumstances  it  may  be 
9x20,  or  180  pounds,  and  (4)  that  with  fairly 
good  coal  and  careful  stoking  about  150  pounds 
may  be  expected.  In  practice,  therefore,  for 
trial  trips  with  choice  coal  and  picked  stokers, 
calculations  may  be  based  on  an  evaporation  of 
250  pounds;  for  mail  steamships  using  good 
coal,  calculations  should  be  based  on  an  evapor- 
ation of  150  pounds;  and  if  a  ship  is  going  to 
trade  in  the  East  or  localities  where  inferior  coal 
is  to  be  used,  the  boilers  should  be  designed  on 
the  assumption  of  an  evaporation  of  only  100 
pounds  of  water  per  square  foot  of  grate. 

If  the  weight  of  steam  required  per  hour  for  a 
given  engine  be  calculated,  and  divided  by  one 
of  these  numbers,  the  result  will  be  the  number 
of  square  feet  required. 

If  the  draught  be  increased  by  artificial  means, 
the  quantity  of  fuel  consumed  per  square  foot  of 
grate  may  be  as  high  as  100  pounds  per  hour, 
with  an  air  pressure  of  6  inches  in  the  stokehole; 
and  50  pounds  with  only  2  inches,  the  corres- 
ponding evaporations  being  570  pounds  and  350 
pounds  per  square  foot  of  grate. 
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The  consumption  of  fuel  per  I.  H.  P.  per  hour 
for  engines  working  at  full  power  is  4  pounds, 
with  surface-condensing  expansive  engines,  us- 
ing steam  of  30  pounds  pressure  above  the 
atmosphere;  3^^  to  3^  pounds  with  similar  en- 
gines of  best  make  and  large  size;  2^  pounds 
with  compound  naval  engines  when  forced,  and 
2%  to  z%  pounds  when  of  moderate  size  and 
working  at  two- thirds  power;  2%  pounds  with 
compound  engines  of  moderate  size  and  as  gen- 
erally fitted  in  the  mercantile  marine  when 
working  at  full  speed;  2  pounds  with  mercantile 
compound  engines  well  designed  and  carefully 
worked  at  sea  full  speed;  1%  pounds  with  large 
compound  engines  as  fitted  in  modern  mail 
steamers  when  working  at  sea  full  speed  under 
favorable  circumstances;  1%  pounds  with  good 
triple  expansion  engines  using  coal  of  good 
quality,  and  1%  pounds  when  ordinary  steam 
coal  is  used;  the  consumption  of  water  with 
these  engines  being  about  12^  lbs.;  the  con- 
sumption in  torpedo  boats  is  3^  to  4  pounds 
when  working  nearly  full  speed. 

Assuming  the  consumption  of  coal  to  be  i  ^ 
pounds  per  I.  H.  P.  per  hour,  and  the  grate  to 
burn  15  pounds  per  square  foot,  there  should  be 
0.1  square  foot  of  grate  per  I.  H.  P.  If  the  sea 
full  speed  I.  H.  P.  of  a  merchant  ship  be  multi- 
plied by  0.1,  the  result  is  the  grate  area  required 
for  that  power. 
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On  trial  trips  with  good  coal  and  good  stok- 
ing, and  the  engines  working  at  full  speed, 
the  triple  compound  engine  will  develop  14 
I.  H.  P.  per  square  foot  of  grate;  hence,  one- 
fourteenth  of  a  square  foot  per  I.  H.  P.  may  be 
taken  as  the  proper  allowance  in  designing  fur- 
naces for  engines  to  develop  a  certain  power  on 
a  trial  trip  or  other  favorable  occasion. 

As  the  sea  full  speed  power  is  usually,  on 
long  voyages,  about  three-fourths  that  developed 
on  a  trial  trip,  the  proportion  of  i  X  jV  or  0.095 
of  a  square  foot  per  I.  H.  P.  developed  at  sea,* 
corresponds  with  that  given  above. 

Heating  Surface. — Strictly  speaking,  all  sur- 
faces exposed  to  heat  which  are  capable  of  ab- 
sorbing, and  their  bodies  of  transmitting  that 
heat  to  the  water  or  steam,  are  heating  surfaces; 
but  technically  only  certain  parts  are  reckoned 
as  effective  heating  surface,  and  the  aggregate 
of  such  surfaces  is  called  the  total  heating  sur- 
face. The  surface  of  the  upper  half  of  the 
furnace,  or  the  part  above  the  level  of  the  fire- 
bars, that  of  the  combustion  chamber  above  the 
level  of  the  bridges,  and  back  plates,  including 
the  actual  surface  of  the  back-tube  plates,  are 
reckoned  as  the  eflfective  heating  surface  of  fur- 
naces and  chambers,  and  are  stated  separately, 
chiefly  on  account  of  the  metal  forming  them 

*  With  good  triple-expansion  engines  0.08  of  a  square  foot 
per  I.  H.  P.  is  sufl&cieut. 
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being  three  or  four  times  the  thickness  of  the 
tubes.  The  surface  of  the  tubes  measured  ex- 
ternally— that  is,  the  area  obtained  by  multiply* 
ing  the  external  circumference  by  the  length 
between  the  tube  plates — is  called  the  tube  sur- 
face. 

The  front  tube  plates  should  be,  and  usually 
are,  omitted  in  calculating  the  total  heating 
surface,  as  they  cannot  be  considered  as  efiec- 
tive. 

The  amount  of  total  heating  surface  must 
depend  on  the  quantity  and  quality  of  the  fuel 
burnt  on  the  grates  in  a  fixed  time,  and  also  on 
the  quality  of  the  surface,  &c.  But  since  a 
grate  may  at  some  time  have  to  burn  the  best 
of  fuel,  the  total  heating  surface  should  be  ade- 
quate for  such  an  occasion. 

Tube  Surface. — ^When  possible,  there  should 
be  i.o  square  foot  of  brass  tube,  and  1.33  square 
feet  of  iron  tube  for  each  pound  of  coal  burnt 
per  hour;  that  is,  in  the  ordinary  marine  boiler 
there  should  be  about  20  square  feet  of  brass 
tubes,  and  about  27  square  feet  of  iron  tubes  per 
square  foot  of  grate. 

Since  on  trial  trip  with  compound  engines  10 
I.  H.  P.  are  usually  developed  per  square  foot 
of  grate,  there  should  be  2  square  feet  of  brass, 
and  2.7  square  feet  of  iron  tubes  per  I.  H.  P. 
developed  on  trial  trip,  or  2.66  and  3.6  square 
feet  respectively  per  I.  H.  P.  developed  at  sea. 
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And  since  with  triple-expansion  engines  as  much 
as  14  I.  H.  P.  are  developed  from  a  square  foot 
of  grate,  there  need  only  be  1.93  square  feet  of 
iron  tube  surface  per  I.  H.  P.  in  the  boilers  for 
them. 

Total  Heating  Surface, — The  ratio  of  tube 
surface  to  the  total  heating  surface  is  about  0.8 
in  the  single-ended,  and  from  0.83  to  0.88  in  the 
double-ended  cylindrical  boilers;  taking  the 
average  at  0.84,  the  following  will  be  the  allow- 
ance of  total  heating  surface  based  on  the  above 
consideration. 


Tubes 

Brass 

Iron. 

Total  heating  surface  per  pound  of  coal 

**             *'           '^     square  foot  of  grate 

"             *'           "      I.H.P.  trial  trip  (compound).  . 
<t            <i           (1           .4     at  sea              '* 

•'            *•           "           "     trial  (Admiralty)  (com.) 

•*    (MercanUIe)      " 
u       u              ..         (triple) 

.4     at  sea        "              •* 

23.8 
2.38 
3.16 
2.78 
3.0 

•     •     • 

1.58 
32. 
3.2 
4.27 

35 

2.3 

3.  to 

3.5 

The  total  heating  surface  in  the  locomotive 
boiler  of  torpedo  boats  should  be  based  on  con- 
siderations similar  to  the  foregoing;  but  as 
weight  of  machinery  is  of  more  consequence 
than  economy  of  fuel,  and  as  economy  of  fuel 
can  be  effected  by  working  at  reduced  speeds, 
such  as  would  be  necessary  from  other  consider- 
ations when  making  long  runs,  the  heating  sur- 
face is  not  generally  so  large  as  would  be  thus 
given.     For    example,    a    torpedo    boat    burns 
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nearly  100  lbs.  of  coal  per  square  foot  of  grate 
per  hour  when  running  at  full  speed  with  a 
plenum  of  6  inches;  by  the  rule  given  for  ordi- 
nary boilers,  there  should  be  119  square  feet  of 
heating  surface  per  square  foot  of  grate;  in  prac- 
tice there  are  only  34  square  feet.  When  the 
plenum  is  only  2  inches,  about  50  lbs.  of  coal 
are  consumed  per  square  foot  of  grate,  and  al- 
though the  above  allowance  of  heating  surface  is 
small  for  this  quantity  of  coal  burnt,  it  is  more 
in  accordance  with  what  is  necessary  for  econom- 
ical evaporation,  and  experiments  have  shown 
that  the  evaporative  eflBciency  is  then  nearly 
20  per  cent  higher  than  at  full  speed.  The 
locomotive  boiler  under  these  circumstances  is  a 
rapid  generator  of  steam,  if  not  an  economical 
one;  for,  with  a  plenum  of  6  inches,  18  pounds 
of  water  are  evaporated  per  square  foot  of  heat- 
ing surface,  and  nearly  11  pounds  with  the  2 
inches.  The  modem  locomotive  boiler  on  rail- 
ways has  usually  from  60  to  90  square  feet  of 
heating  surface  per  square  foot  of  grate. 

Internal  Pipes  should  be  fitted  from  the  stop- 
valves  to  the  highest  part  of  the  boiler,  and  be 
made  with  holes  or  slits,  whose  collective  area 
is  equal  to  twice  the  area  of  section  of  the  pipe. 

The  chief  object  of  this  pipe  is  to  collect  the 
steam  gently  from  every  part  of  the  boiler,  so  as 
to  avoid  setting  up  a  strong  current  in  one  par- 
ticular direction,  and  thereby  induce  priming. 
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These  pipes  are  usually  made  of  brass,  but  some 
engineers  prefer  copper,  and  others  make  them 
of  cast  iron  to  avoid  risk  of  galvanic  action  and 
reduce  the  cost  By  fitting  an  internal  pipe,  the 
stop- valve  can  be  placed  in  a  position  convenient 
for  examination  and  working,  and  it  should  al- 
ways be  so  situated  as  to  be  easy  of  access  at  all 
times.  Arrangements  should  also  be  made  for 
opening  and  shutting  it  without  going  into  a 
position  of  danger  or  difficulty,  and  this  can  al- 
ways be  effiscted  by  lengthening  the  spindles,  or 
fitting  chain  gear. 

In  the  mercantile  marine,  the  stop  and  safety- 
valve  boxes  are  almost  invariably  made  of  cast 
iron;  the  valves,  seats  and  spindles  being  of 
gun-metal. 

Check-valves. — Each  boiler  should  be  fitted 
tvith  a  self-acting  non-return  valve,  through 
which  the  feed-water  is  pumped.  It  should  also 
have  a  screw  spindle,  which  may  be  used  to  reg- 
ulate the  lift,  or  to  shut  it  down  when  water  is 
not  required.  There  should  also  be  a  similar 
valve  through  which  the  donkey  pump  can  dis- 
charge water  to  the  boiler. 

The  valve  is  generally  of  mushroom  form,  and 
made  similar  to  the  ordinary  stop-valve,  except 
that  it  is  detached  from  the  spindle.  It  is  made 
wholly  of  gun-metal,  and  should  be  very  strong, 
as  at  times  the  pressure  on  it  may  be  excessive. 

There  should  be  6  square  inches  of  clear  area 
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through  the  valve  and  pipe  for  every  hundred 
pounds  of  water  evaporated ;  or,  put  in  a  more 
convenient  form, 

Area  through  main  feed-valve  in  square  inches 

=  total  heating  surface  in  square  feet  -^  240 ; 

and  area  through  donkey  feed-valve  in  square 
inches 

=  total  heating  surface  in  square  feet  -s-  300. 

As  the  feed-valves  cannot  always  be  placed  on 
that  part  of  the  boiler  best  suited  to  receive  the 
feed-water,  and  also  in  order  to  distribute  that 
water  so  as  to  avoid  its  affecting  the  boiler 
plates,  and  internal  pipe  should  be  always  fitted. 
To  avoid  the  necessity  of  blowing  the  boiler 
down  in  case  of  accident  to  the  feed- valves,  it  is 
a  very  common  practice  to  fit  these  valves  high 
up  on  the  boiler,  even  in  many  cases  above  the 
water-level.  This  plan  also  has  the  advantage 
of  providing  a  means  of  warming  the  feed- water, 
than  which  nothing  is  more  essential  for  the 
preservation  of  the  boiler;  the  heating  is  effected 
by  the  passage  of  the  water  through  a  long  in- 
ternal pipe  of  brass  or  copper,  which  leads  it  to 
where  there  is  a  down  current  of  water,  so  that 
the  comparatively  cold  feed- water  may  not  inter- 
fere with  the  circulation. 

Some  engineers  prefer  to  inject  the  feed-water 
in  the  form  of  spray,  either  above  or  a  little  way 
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beneath  the  surface  of  the  water  in  the  boiler; 
this  avoids  all  chance  of  injury  to  the  boiler 
plates,  as  any  gaseous  matter  mechanically 
mixed  with  the  feed- water  is  at  once  given  up 
and  mixes  with  the  steam. 

Great  care  should  be  taken  in  any  case  that 
the  internal  feed-pipes  "run  full;"  that  is,  that 
they  are  never  filled  with  steam,  but  always  with 
water. 

The  dynamic  effect  of  the  steam  in  the  feed- 
water,  when  mixed  inside  the  pipe,  is  very  start- 
ling; every  stroke  of  the  feed-pump  produces  an 
explosion,  and  in  a  very  short  time  both  external 
and  internal  pipes  are>damaged  seriously. 

To  avoid  this,  the  internal  pipe  should,  when 
discharging  above  the  water-level,  be  turned 
upward  at  the  end,  so  as  to  always  remain  filled 
with  water;  and  when  turned  downward  to  dis- 
charge under  water,  the  end  should  be  well  be- 
low the  lowest  working  level. 

An  additional  means  of  safety  is  sometimes 
afforded  by  fitting  inside  the  boiler  a  clack  valve, 
so  arranged  as  to  close  over  the  end  of  the  inter- 
nal pipe  or  on  the  spigot  of  the  ordinary  check 
valve;  when  this  is  provided,  the  latter  can  be 
examined  when  steam  is  up.  A  cock  is  also 
sometimes  fitted  close  to  the  check  valve,  so  that 
the  supply  can  be  regulated  by  it,  instead  of  by 
interfering  with  the  lift  of  the  check  valve. 

Blow-off  Cock, — A  cock  should  be  fitted  at  or 
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near  the  bottom  of  the  boiler,  to  answer  the 
double  purpose  of  admitting  sea-water  before 
getting  up  steam,  and  to  blow  off  some  of  the 
water  when  required.  This  cock  should  be  a 
very  strong  one,  as  it  is  liable  to  rough  usage, 
and  being  out  of  sight  and  not  easily  got  at,  it  is 
very  apt  to  be  neglected.  For  this  reason,  as 
well  as  because  a  large  cock  is  difficult  to  open 
and  shut,  some  engineers  prefer  a  valve  to  a 
cock.  If  a  cock  is  fitted,  it  should  be  so  ar- 
ranged that  its  handle  or  spanner  cannot  be  re- 
moved when  it  is  open. 

The  clear  area  through  a  blow-oflF  cock  should 
be  =  I  square  inch  4-  o. «  square  inch  for  each 
ton  of  water  in  the  boiler. 

FUNNEL  OR  SMOKE  STACK. 

Funnel. — This  is  usually  of  circular  section, 
but  sometimes,  to  minimize  the  transverse  size 
of  the  boiler  hatch,  it  is  made  of  oval  section. 
The  funnels  of  men-of-war  are  often  made  of 
oval  section-  for  the  same  reason,  but  instead  of 
the  section  being  an  ellipse,  as  is  generally  the 
case  in  the  mercantile  marine,  it  is  like  that  of 
an  oval  boiler. 

The  best  height  to  look  well  is  four  to  five 
diameters  above  the  taffirail,  the  latter  when 
there  are  high  bridges  or  boats  in  wake  of  the 
funnel.  For  the  same  reason,  the  ring  for  the 
shrouds  should  be  A  the  diameter  fiom  the  top. 
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Naval  ships  generally  have  funnels  with  a  sec- 
tional area  equal  to  one-eighth  the  area  of  the 
grate.  In  the  mercantile  marine  a  somewhat 
larger  funnel  usually  obtains,  the  area  being 
from  one-fourth  to  one-sixth  that  of  the  grate  ; 
in  general  practice  a  funnel,  whose  sectional 
area  is  one-fifth  to  one-sixth  that  of  the  grate, 
and  whose  top  is  at  least  40  feet  from  the  level 
of  the  grate,  will  give  a  very  good  result  The 
objections  to  a  large  funnel,  beyond  that  of  space 
occupied  and  cost,  are  resistance  to  the  wind 
and  large  surface  exposed  to  the  cooling  action 
of  both  wind  and  water,  whereby  the  hot  column 
within  is  partially  cooled,  and  the  draught 
thereby  checked.  On  the  other  hand,  a  small 
funnel  is  liable  to  become  excessively  hot,  and 
when  the  fires  are  freshly  charged  to  become 
choked  with  smoke,  and  at  all  times  it  tends  to 
check  the  draught.  The  funnel  of  a  war-ship 
may  be  small,  because  it  is  so  seldom  that  the 
boilers  are  urged  to  the  utmost,  and  it  must  be 
as  small  as  possible  for  obvious  reasons.  When 
the  draught  is  forced  either  by  a  blast,  or  by 
other  artificial  means,  the  funnel  may  be  short, 
and  of  comparatively  small  diameter.  The  area 
at  the  base  of  a  locomotive  boiler  is  seldom  more 
than  one-tenth  the  area  of  fire  grate,  and  often 
as  small  as  one-twelfth. 
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CORRUGATED  STEEL  BOILER   FURNACES. 

The  use  of  corrugated  cylindrical  furnaces  for 
internally  fired  boilers,  that  is,  for  boilers  in 
which  the  pressure  is  upon  the  outside  of  the 
furnace,  has  resulted  directly  from  the  use  of 
very  high  pressure  steam  as  a  necessity;  the 
pressure  now  carried  in  marine  and  other  in- 
ternally fired  boilers  being  impossible  without 
the  employment  of  these  furnaces;  and  this  pres- 
sure is  continually  on  the  increase  by  reason  of 
the  greater  fuel  economy  realized  from  its  use, 
and  the  less  weight  and  bulk  of  the  steam  ma- 
chinery using  it  for  the  development  of  equal 
power. 

With  the  pressure  of  present  practice,  and  in 
a  still  higher  degree  with  the  much  greater 
pressure  that  will  be  needed  in  the  immediate 
future,  any  other  form  of  furnace  is  out  of  the 
question.  Safety,  convenience,  economy  in  first 
cost  and  after  repairs,  economy  of  fuel,  ease  and 
rapidity  of  management  and  cleaning,  all  the 
financial,  engineering  and  practical  requirements 
combine  to  make  the  cylindrical  corrugated  fur- 
nace the  only  one  that  can  be  adopted  in  the 
construction  of  the  internally  fired  boilers; 

In  fact,  at  the  present  moment,  no  other  kind 
of  furnace  is  used,  unless  in  some  cases  of  low 
pressure,  which  has  now  become  the  rare  ex- 
ception. Even  in  such  case,  however,  a  corru- 
gated cylindrical  furnace  is  both  cheaper  in  the 


/ 
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first  instance,  and  vastly  more  advantageous  in 
all  respects,  than  any  plain  cylindrical  furnace, 
by  reason  of  its  greatly  less  weight  in  propor- 
tion to  its  resistance  of  a  given  compressive 
strain,  by  reason  of  its  greater  economy  of  fuel 
due  to  the  nearer  approach  to  perfect  combus- 
tion which  it  causes,  and  by  reason  of  its  greater 
facility  in  handling,  cleaning,  etc.  The  weight 
for  equal  resistance  to  the  same  external  pres- 
sure, of  the  corrugated  cylindrical  furnace  is  not 
one-fourth  of  the  weight  of  a  plain  cylindrical 
furnace  of  the  same  diameter  and  length. 

It  should  be  remembered  that  twenty  years 
ago  steam  pressure  in  marine  practice  reached  30 
and  40  pounds  to  the  square  inch,  being  con- 
sidered high  at  the  latter  figure;  while,  with  the 
triple  and  quadruple  expansion  engines,  pressure 
of  from  160  to  180  pounds  are  demanded. 

Montgomery's  claim  in  patenting  his  idea  of 
corrugated  cylinders  was  primarily  for  the  struct- 
ural strength  combined  with  material  lightness 
resultant.  We  are  not  certain  whether  or  not  he 
anticipated  or  seriously  appreciated  the  more 
perfect  combustion  that  his  corrugations  would 
assure.  Continued  experience  has  demonstrated 
the  scientific  soundness  of  his  assumptions  as  to 
strength,  the  processes  which  are  used  neccessi- 
tating  the  best  quality  of  metal,  the  operation 
giving  to  the  finished  work  a  perfectly  cylindri- 
cal shaping  impracticable  in  any  other  mode  of 
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production  as  a  rule,  and  the  pressure  of  corru- 
gation not  only  effecting  a  perfect  uniformity  of 
all  parts,  preserving  an  exact  standard  of  thick- 
ness, and  perfectly  graduating  the  angles  of  con- 
tour, but  subjecting  the  material  to  a  test  which 
would  infallibly  discover  any  molecular  defect. 
The  natural  consequence  of  all  this  is  that  the 
furnace,  formerly  the  weakest  and  most  sensitive 
feature  of  the  boiler,  has  become  the  strongest, 
thereby  contributing  greatly  to  the  durable  char- 
acter of  the  boiler. 

The  better  combustion  obtainable  with  the 
corrugated  furnaces  is  a  direct  result  of  the  cor- 
rugations. They  thoroughly  mix  mechanically 
the  current  of  the  gases  of  combustion  which 
rise  from  the  fuel  on  the  grate  in  an  unmixed 
state,  the  combustible  gases  being  in  separate 
masses  or  streaks  side  by  side  with  the  air  whose 
oxygen  is  needed  for  their  combustion.  The 
entire  mass  of  gas  and  air  when  at  its  highest 
temperature  should  be  completely  mixed  for 
perfect  combustion,  and  the  corrugations  act  to 
that  effect  as  '* riffles"  on  the  gaseous  current 
passing  across  them,  so  that  at  the  upper  time 
and  place  the  mixing  of  the  fuel  gases  with  the 
air  is  mechanically  accomplished  with  mechani- 
cal certainty.  If  the  mixing  be  performed  by 
any  apparatus — special  or  otherwise — beyond  the 
furnace,  when  the  temperature  of  the  gases  will 
have  unavoidably  fallen,  the  economic  effect  will 
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be  comparatively  slight;  it  must  be  done  in  the 
furnace  for  maximum  results,  and  no  means 
have  been  devised  so  simple  and  eflScacious  as 
the  corrugations,  which  perform  it  merely  as  a 
consequence  of  their  form  and  location. 


Fig.  57.— T.  F.  Rowi«and  &  Co.*s  Furnacb.    (American.) 


Fig.  58.— Purv^*  Furnace.    (Engwsh.) 
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Fig.  61.— Fox's  Furnace.    (Engusb.) 


CHAPTI;R  XIX. 

RIVETED  SEAMS. 

**Th)$  pressure  for  any  dimensions  of  boilers 
not  found  in  the  table  annexed  to  these  rules, 
must  be  ascertained  by  the  following  rule,  viz: 
Multiply  one-sixth  (i)  of  the  lowest  tensile 
strength  found  stamped  on  any  plate  in  the  cylin- 
drical shell  by  the  thickness — expressed  in  inches 
or  parts  of  an  inch — of  the  thinnest  plate  in  the 
same  cylindrical  shell,  and  divide  by  the  radius 
or  half  diameter — ^also  expressed  in  inches — ^and 
the  sum  will  be  the  pressure  allowable  per  square 
inch  of  surface  for  single  riveting,  to  which 
add  twenty  per  centum  for  double  riveting." 

So  runs  the  beautifully  simple  rule  prescribed 
by  our  Board  of  Supervising  Inspectors  of  Steam 
Vessels  for  ascertaining  the  pressure  allowable 
for  dimensions  of  boilers. 

Some  two  or  three  years  ago  we  were  engaged 
designing  a  marine  boiler  to  have  as  thin  a  shell 
as  possible  consistent  with  safety  for  a  light- 
draft  steamer,  and  great  was  our  surprise  when 
informed  that,  though  we  made  the  longitudinal 
seams  triple-riveted  according  to  the  most  ap- 
proved practice,  we  would  not  be  allowed  any 

*  Oldham. 
(278) 
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reduction  in  thickness  of  shell  plates  below  that 
due  to  an  ordinary  double-riveted  joint,  though 
we  venture  to  submit  that  the  triple-riveted  butt 
joint,  as  generally  obtaining  in  ocean  steam* 
ships,  is  quite  ten  per  cent  stronger  than  the 
best  double-riveted  joint,  and  is  twenty  per  cent 
stronger  than  the  ordinary  double-riveted  lap 


Pig.  63.— Ordinary  Doublk-Rtvbted  Lap  Joint. 

joint.  This  means  that  at  least  fifteen  per  cent. 
in  weight  of  shell  could  be  saved  without  any 
sacrifice  of  strength. 

To  make  this  clear,  let  the  accompanying 
drawings  show  an  ordinary  double-riveted  lap 
joint,  an  ordinary  triple-riveted  double  butt 
strap  joint  and  the  most  approved  triple-riveted 
double  butt  strap  joint,  respectively.     The  per- 
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centage  of  strength  of  joint,  as  compared  with 
the  solid  plate,  is  59  for  double-riveting,  72  for 
ordinary  triple,  and  83  per  cent,  for  the  improved 
compound  triple,  as  per  Pig.  64.  With  regard 
to  this  butt,  it  has  been  objected  that  eight  and 
a  half  inches  pitch  is  too  great  for  solid  caulk-, 
ing,  but  in  reply  we  may  state  that  the  correct 
proportions  of  these  very  dimensions  of  joint  is 
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Pig.  63. — Ordinary  Tripi^e-Rivkted  Doubi^e  Butt 

Strap  Joint. 

placed  beyond  the  region  of  doubt,  as  many  such 
are  now  afloat  on  the  ocean,  after  having  been 
tested  to  three  hundred  and  twenty  pounds  hy- 
draulic pressure  per  square  inch,  without  show- 
ing any  signs  of  leakage  or  distress,  and  now 
carry  one  hundred  and  sixty  pounds  constant 
working  pressure  above  the  atmosphere  without 
leakage — always  excepting  the  inevitable  bottom 
leakage,  due  to  expansion  and  contraction. 
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For  any  given  plate  and  any  given  size  of 
rivets,  there  is  always  only  one  proper  pitch, 
which  cannot  be  departed  from  without  a  sacri- 
fice of  strength.  Fig.  64  and  table  marked 
A  is  drawn  to  show  the  possible  gain  by  a 
correct  system  and  proportion  of  riveting.  It 
commences  with  an  ordinary  triple-riveted  joint, 
in  accordance  with  Lloyd's  Register  rules,  and 
shows  that  the  strength  of  plate  at  butt  is  forty- 
five  per  cent,  less  than  the  section  of  solid  plate; 
an  improved  triple  butt  with  three  complete 
rows  of  rivets,  reduces  the  loss  to  thirty-five  per 
cent. ;  with  a  compound  triple  and  larger  rivets, 
the  loss  is  further  reduced  to  twenty  per  cent. ; 
and  lastly,  this  loss  amounts  to  only  five  per 
cent,  the  strength  of  riveted  joint  being  now 
equal  to  ninety-five  per  cent,  of  the  solid  plate. 

The  sheer  strakes  and  upper  stringer  plates 
of  long,  large  vessels  should  always  have  double 
straps,  and  the  bilge  strakes  may  be  treated  in 
the  same  way  with  advantage;  for  the  gain  in 
strength  is  great,  and  the  loss  in  speed  by  aug- 
mented surface  friction  is  unappreciable.  We 
assert  this  after  having  had  outside  straps  fitted 
on  the  bilge  and  bottom  of  many  steamers,  of 
high  and  low  speeds,  for  continuation  of  class 
in  the  Veritas  and  Liverpool  Lloyd's  Regis- 
try. It  is  said  that  these  straps  do  not  look  nice 
— a  common  expression,  but  one,  we  venture  to 
think,  which  ought  to  be  used  with  a  greater 
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degree  of  caution  by  engineers,  for  to  my  mind 
what  is  nice  looks  nice. 

Diagram  No.  65  and  table  illustrate,  on  the 
left-hand  side,  the  proportionate  loss  sustained 
by  various  thicknesses  of  plates,  from  three- 
eighths  to  one  inch,  with  riveting  in  consonance 
with  Lloyd's  Register  rules.  On  the  other  hand, 
it  shows  this  loss  largely  reduced  by  adopting  a 
proper  system  of  riveting,  whereby  fifteen  pounds 
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Fig.  64. — Improved  Compound  TRiPi,s-RrviTED  Doubi,9 

Strap  Joint. 

of  plate  are  made  to  exceed  twenty,  twenty-five 
exceed  thirty-five,  and  thirty-five  pounds  still 
more  largely  exceed  forty  in  strength ;  the 
average  gain  being  over  28  per  cent. ,  and  that 
without  any  sacrifice  of  strength. 

These  percentages  are  calculated  for  counter- 
sink riveting,  which,  we  need  hardly  say,  is  quite 
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a  diflferent  thing  to  parallel  holes;  for,  though 
the  countersinking  increases  the  size  of  rivet 
hole  some  twenty-five  per  cent,  and  thereby 
reduces  the  strength  of  plate  for  a  given  pitch, 
it  adds  nothing  to  the  shearing  strength  of  the 
rivets.  It  is,  indeed,  a  premium  that  has  to  be 
paid  for  flush  riveting. 

The  annexed  table  (B)  shows  the  size  of  pitch, 
butt  straps  and  description  of  riveting  to  obtain 
from  80  to  83  per  cent  strength  of  joint,  as  com- 
pared with  the  solid  plate  for  various  thicknesses 
from  three-eighths  of  an  inch  to  one  inch.  This 
table  shows  that  in  riveted  joints  of  structures 
composed  of  malleable  iron  or  mild  steel  plates 
in  which  the  joint  is  the  means  of  the  continuity 
of  strength  throughout  the  structure,  that  a  re- 
duction of  about  twenty-five  per  cent  might 
safely  be  made  in  an  ordinary  steel  steamer,  of, 
say,  2,500  tons  gross  register,  if  the  arrangement 
of  butts  were  good,  the  rivet  holes  in  vital  parts 
absolutely  fair,  and  the  rivet  area  and  pitch  of 
correct  proportions. 

It  would  further  appear  from  this,  that 
about  150  tons  weight  might  be  saved  in  steel 
plates  of  ships  and  boilers,  worth,  say,  fifteen 
thousand  dollars,  and  the  dead  weight  ability  of 
the  vessel  be  augmented  some  five  per  cent,  or 
with  the  same  weight  of  metal  the  length  and 
breadth  of  the  vessel  could  be  materially  in- 
creased, whilst  retaining  the  original  factor  of 
safety. 
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TABLE  A. 

SHOWING  I^SS  IN  STRENGTH  OP  PIRATE  BY  THE  ORDINARY 
SYSTEM  OF  RIVKTING  AND  GAIN  BY  IMPROVED  SYSTEM. 


Weight  of  Solid 
Plate. 

Reduction. 
Net  Effective  Sec- 
tion of  plate  left 
after  Riveting. 

Reduction. 
Net  Effective  Sec- 
tion of  Plate  left 
after  Riveting. 
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TABLE  B. 


PERCENTAGE  OP  STRENGTH  OF  RIVETED  JOINTS. 

Thickness    of 
Plate. 
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Fig.  65. 


Fig.  66. 


CHAPTER  XX. 

FORCED  DRAFT.* 

Forced  Draft  for  boilers,  though  little  used 
on  shore,  is  becoming  a  favorite  practice  in  the 
marine  service.  The  ordinary  natural  draft  in  a 
chimney  is  equal  to  a  pressure  measured  by  a 
column  of  water  about  %  inch  high.  Since  the 
pressure  of  the  air  is  about  14. 7  lbs.  to  the  square 
inch,  or  is  measured  by  a  column  of  water  about 
34  feet  high,  we  see  that  this  pressure  of  air  in 
the  chimney  is  only  about  ^j^  of  a  pound  on  the 
square  inch.  Now  forced  draft  increases  this 
pressure  often  20  times.  This  increase  in  fur- 
nace draft  results  in  a  rapid  increase  in  the  coal 
burned  per  square  foot  of  grate  area  per  hour. 
An  increase  in  consumption  of  fuel  calls  for  an 
increase  in  the  ratio  of  heating  surface  compared 
to  the  grate  surface,  for  otherwise  the  tubes 
would  leak,  or  the  plates  would  become  over- 
heated. Also,  the  temperature  of  the  waste 
gases  in  the  chimney  is  generally  increased. 
Hence  it  is  not  usual  to  find  that  any  gain  in  the 
economy  of  the  fuel  is  realized  with  forced  draft, 
for  the  water  evaporated  per  pound  of  coal 
burned  is  invariably  decreased. 

*Whitham. 
(286) 
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To  offset  these  disadvantages,  forced  draft 
enables  a  greater  boiler  power  to  be  realized 
than  can  be  had  with  the  same  boilers  under 
natural  draft.  In  one  case  by  applying  forced 
draft  to  old  boilers,  four  developed  the  same 
power  that  had  been  given  by  eight.  In  several 
cases  it  has  been  claimed  that  the  boiler  power 
has  been  increased  50  per  cent.  This  means 
that  in  designing  a  new  plant,  one  boiler  with  a 
strong  forced  draft  will  develop  the  power  re- 
quired by  two  with  natural  draft  Hence  there 
is  a  decrease  in  the  first  cost  of  the  plant;  not, 
however,  a  decrease  of  one-half,  since  the  forced 
draft  boiler  must  have  a  greater  heating  surface 
than  would  be  required  in  one  of  the  two  boilers 
using  natural  draft.  Besides,  forced  draft  means 
that  some  of  the  power  developed  by  the  boilers 
must  be  used  in  driving  a  blower.  Yet  the  gain 
due  to  decrease  in  the  number  of  boilers  is  great. 
On  board  ship,  space  and  weight  are  items  of 
great  importance,  for  they  mean  that  a  greater 
cargo  or  a  more  powerful  battery  may  be  carried. 

There  are  two  main  ways  in  which  forced 
draft  is  used.  The  first  method  consists  in  locat- 
ing the  boilers  and  fire  room  in  an  air-tight  com- 
partment, and  forcing  air  into  this  compartment 
under  the  pressure  of  say  4  or  5  inches  of  water. 
This  method  permits  of  the  air  entering  the  fur- 
nace in  the  usual  method,  and  the  fires  may  be 
worked  as  for  natural  draft.     Of  course  the  heat- 
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ing  surface  must  be  increased  in  ratio  to  the 
grate  surface. 

3d.  The  other  method  is  illustrated  herewith. 
It  consists  in  forcing  the  air  into  the  furnace, 
and  not  into  the  fire  room.  The  ash-pit  and 
furnace  doors  must  be  about  air-tight.  In  some 
patents  the  air  is  warmed  on  its  way  to  the  fur- 
nace by  causing  it  to  take  up  heat  from  the  es- 
caping gases  of  the  chimney.  This  is  done  by 
either  passing  it  around  a  lot  of  tubes  in  the  up- 
take, through  which  the  smoke  passes,  or  by 
having  the  current  of  air  pass  through  a  drum 
surrounding  a  part  of  the  chimney.  It  has  not 
as  yet  been  proven  that  the  gain  by  these  latter 
methods  is  as  great  as  is  realized  by  heating  the 
feed-water  by  the  chimney  gases. 

The  second  method  does  not  permit  of  coaling 
of  the  fires  unless  the  draft  is  shut  oflF.  The 
fires  may,  however,  be  worked  by  any  one  of 
the  forms  of  rocking  grates  illustrated  in  a 
former  article.  In  the  present  illustration  the 
Ashcroft  bars  are  used,  and  each  bar  is  turned 
by  a  socket  wrench. 

In  any  system  of  forced  draft  it  is  important 
that  the  ash-pit  shall  be  kept  well  cleaned^  for 
otherwise  the  grates  will  burn  out  quickly. 

Air  must  be  admitted  over  as  well  as  undet 
the  grates,  for  otherwise  the  combustion  would 
be  chiefly  at  the  bottom,  the  grates  would  not 
last  so  long,  and  there  would  be  a  loss  of  fuel 
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by  gases  being  distilled  and  passing  oflF  un- 
burned. 

Perhaps  one  of  the  very  best  forms  of  forced 
draft  arrangements  is  presented  herewith.  It 
was  invented  by  John  C  Kafer,  of  the  U.  S. 
Naval  Engineers,  and  has  been  applied  to  several 
vessels  with  marked  suceess.  Fig.  67  shows  the 
ordinary  marine  type  of  boiler,  containing  two 


Fig.  67.— Kafer's  Forced  Draft  System. 

internal  furnaces.  The  ash-pit  door  is  closed 
and  made  tight  by  an  asbestos  gasket  The 
furnace  door  is  made  in  the  usual  hollow  form. 
The  inner  plate  of  this  door  is  perforated  with  a 
lot  of  small  holes.  The  air  from  the  blower  en- 
ters at  A  (the  damper  being  moved  aside),  and 
passes  into  the  ash-pit  From  thence  a  part 
goes  through  the  grate,  while  the  remainder 


290     THE  AHEKICAN   MARINE  ENGINEER. 

passes  through  holes  in  the  dead-plate  and  into 
the  front  of  the  furnace,  passing  through  the 
numerous  holes  shown  in  Pig.  67. 


'^ 


Fig.  6S.— Kaper's  Forced  Draft  Systbbi. 


Fig.  69.— The  Robkri 


jgTS  Safety  Water  Tube  Boiler. 


CHAPTER  XXI. 

WATER  TUBE  MARINE  BOILERS. 

PlOS.  69  and  70  illustrate  the  water  tube 
boiler  invented  by  Mr.  E.  E.  Roberts,  of  New 
York  City.  The  design  and  construction  can 
be  seen  at  a  glance,  rendering  a  detailed  de- 
scription unnecessary. 

Some  years  ago  Mr.  Roberts  built  a  yacht  for 
his  own  use,  as  he  was  a  lover  of  aquatic  sports, 
and  had  previously  had  much  experience  at  sea 
as  an  engineer  in  the  regular  service  of  the  U.  S. 
Navy.  He  succeeded  in  designing  a  hull  and 
an  engine  to  his  entire  satisfaction,  but  after 
trying  almost  all  the  various  types  of  boilers  in 
the  market,  found  that  they  were  either  too 
heavy,  stood  too  high  in  the  boat,  carried  too 
low  pressure  of  steam,  took  too  long  to  get  up 
steam,  or  required,  too  frequent  cleaning,  either 
of  the  fire  spaces  or  of  the  water  spaces,  and 
were  generally  unsatisfactory.  He  then  de- 
signed a  natural  circulating  water-tube  boiler, 
which,  although  crude  and  heavy  as  compared 
with  those  he  is  now  building,  turned  out  to  be 
a  complete  success,  and  has  been  in  use  nearly 

ten  years  without  repairs.     After  using  the  boat 
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for  about  two  years,  he  sold  her  to  other  parties, 
and  the  result  was  that  from  whatever  point  the 
boat  touched  at  in  cruising,  arrived  inquiries  ad- 
dressed to  Mr.  Roberts  in  regard  to  the  boiler. 
The  demand  soon  became  so  great  that  he  was 
obliged  to  devote  his  entire  attention  to  the 
building  of  these  boilers;  and,  although  the 
original  principle  has  been  retained,  he  has 
made  many  improvements  in  the  material  and 
method  of  construction,  so  that  at  the  present 
time  he  has  turned  out  about  260  of  these 
boilers,  ranging  from  sizes  adapted  to  small 
launches  up  to  *those  used  in  ocean-going  steam- 
ers. These  boilers  are  now  all  being  built  in 
duplicate  as  to  each  separate  size,  and  the  parts 
are  interchangeable.  They  are  all  tested  before 
leaving  the  works  at  from  300  to  400  pounds 
hydrostatic  pressure,  and  also  200  pounds  of 
steam  and  upwards.  They  are  strongly  patented 
in  the  United  States  and  other  countries,  and 
are  approved  by  the  United  States  Inspectors  for 
pressures  ranging  from  200  to  300  pounds  of 
steam.  They  are  very  light,  occupy  very  little 
space,  set  low  in  the  boat,  obtaining  a  working 
pressure  in  ten  or  fifteen  minutes,  are  economical 
in  fuel,  are  absolutely  safe  from  disastrous  ex- 
plosion, and  are  specially  adapted  for  use  in  con- 
nection with  modem  high-pressure  expansion 
engines. 
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Water  Tube  Boiler. 
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THE  ALMY  WATER  TUBE  BOILER.  (FiG.  71.) 

Built  by  the  Almy  Water  Tube  Boiler  Co., 
of  Providence,  R.  I.,  is  made  of  either  steel  or 
wrought  iron  tubes,  having  fittings  of  malleable 
iron  of  the  best  quality,  specially  for  their  use 
from  their  patterns.  The  internal  arrangement 
is  of  tubes  vertical  on  three  sides,  then  at  suffi- 
cient height  tubes  horizontal.  This  forms  fire 
box,  the  grate  surface  of  which  occupies  75  per 
cent,  of  floor  space  of  boiler,  and  representing 
about  I  square  foot  grate  area  as  equal  to  25  to 
30  square  feet  of  heating  surface  of  boiler. 

The  great  number  of  square  feet  within  fire 
box,  where  all  tubes  exposed  to  radiant  heat  are 
of  small  diameter;  the  direct  vertical  flow  of 
the  products  of  combustion  up  between  and 
around  the  horizontal  tubes,  the  under  sides  of 
which  always  present  a  clear  surface  to  the  heat, 
enables  this  boiler  to  be  an  extra  quick  steaming 
one.  Steemships,  torpedo  boats,  yachts,  or  mer- 
chant steamers  provided  with  the  Almy  water 
tube  boiler,  can  have  full  head  of  steam  from 
banked  fire  in  10  to  20  minutes. 

The  feed-water  is  received  at  either  front  or 
back  of  boiler  into  lower  manifold,  passing  first 
through  a  heater  provided  for  that  purpose,  sep- 
arate from,  but  in  connection  with  boiler  proper, 
from  whence  it  enters  boiler  at  a  high  tempera- 
ture. The  flow  of  water  in  circulation  is  con- 
tinuous in  one  direction.     Before  completing  the 
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Circuit  the  current  of  steam,  containing  water, 
enters  the  separator  in  front  of  boiler,  which 
takes  the  form  of  an  involute  coil.  Here  the  dry 
steam  rises  to  top  of  separator  where  it  is  drawn 
off  for  engine  power,  and  here,  also,  by  the  law 
of  gravity,  the  water  now  freed  from  the  lighter 
steam  is  returned  to  the  circulation  fr6m  the 
bottom  of  separator  to  lower  manifolds  on  each 
side  of  fire  box. 

Repairs  to  this  boiler  are  made  under  condi- 
tions of  great  convenience.  A  section  of  casing 
being  unbolted,  sections  of  boiler  can  be  un- 
screwed, removed  and  replaced  by  any  handy 
engineer  or  fireman.  When  necessary,  any  sec- 
tion can  be  blocked  off"  at  sea,  with  the  same 
celerity  that  a  tube  in  other  boilers  can  be 
plugged. 

Tube  sections  always  obtainable  at  the  works, 
or  can  be  cut  anywhere  and  replaced  in  fittings. 

The  sectional  form  of  this  boiler,  though  usu- 
ally rectangular,  enables  a  lengthening  or  a 
widening  of  shape,  as  certain  spaces  may  re- 
quire. They  are  built  in  sizes  from  3  square 
feet  grate  area  to  50  square  feet  grate  area,  with 
height  in  sizes  from  15  to  50  square  feet  grate 
area,  from  7^  feet  to  9  feet;  while  floor  space 
for  largest  size  of  50  square  feet  grate  area  re- 
quires but  8  feet  square.  The  weight  of  the 
Almy  patent  water  tube  boiler,  in  the  larger 
sizes,   is  about  400  pounds  per  square  foot  of 


WATER  TUBE  MARINE  BOII^ERS.  295 

grate  area  and  from  250  to  350  pounds  per  square 
foot  grate  area  in  smaller  sizes. 

These  boilers  are  designed  for  250  pounds  per 
square  inch  steam  pressure.  They  have  been 
approved  by  the  Board  of  Supervising  Inspectors 
of  the  United  States.  There  are  numbers  of 
them  in  use  to-day  in  passenger  steamers  and 
steam  yachts,  resulting  in  economy  in  weight, 
space  and  fuel.  These  boilers  are  enclosed  in 
sheet  steel  or  iron  casing,  lined  where  necessary 
with  firebrick  and  asbestos  and  throughout  with 
asbestos.  They  are  tested  to  400  pounds  hydro- 
static pressure,  and  with  all  furnishings  are  de- 
livered complete  ready  to  place  and  unite  to 
engine. 


CHAPTER  XXII. 

REPAIRS  AT  SEA  AND  HOW  TO  MAKE  THEM. 

Breakdowns  at  sea  will  happen,  owing  to 
structural  weakness,  bad  design  or  workman- 
ship, to  the  most  careful  and  able  engineers;  and 
when  they  do  occur  the  engineer  in  charge  must 
then  show  what  he  really  is,  by  the  clear  fore- 
sight and  mechanical  skill  which  will  enable 
him  to  so  repair  damages  that  the  ship  can  make 
some  port  in  safety.  Breakdowns  happen  at  the 
most  unexpected  times  and  in  the  most  unex- 
pected places — sometimes  from  the  ignorance 
or  carelessness  of  the  engineer  on  watch,  and 
sometimes  from  causes  over  which  he  has  no 
control.  Accidents  do  not  happen  as  per  order, 
and  this  is  the  reason  why  no  special  rules  can 
be  given  for  the  repair  of  all  kinds  of  break- 
downs— a  rule  which  would  work  admirably  in 
some  cases  would  not  do  at  all  in  others.  An 
engineer  should  always  be  studying  his  engine, 
and  by  imagining  some  part  breaking  down,  he 
can  then  calmly  think  over  a  plan  of  repair,  so 
that  if  that  part  should  give  way,  he  would 
know  at  once  what  to  do.  No  specific  rules  can 
be  given  by  anybody  for  the  thousand  and  one 

cases  which  may  arise,  but  a  general  plan  of 
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procedtire  in  case  of  the  most  common  and  seri- 
ous accidents  will  be  given  to  aid  the  engineer 
in  his  hour  of  trouble. 

One  of  the  prime  causes  of  accidents  to  marine 
engines  is  the  inherent  weakness — the  structural 
weakness — of  the  ship^s  hull:  iron  and  steel 
hulls,  as  well  as  wooden  ones,  for  none  of  them 
are  rigid  bodies.  An  engine  may  be  in  perfect 
alignment  when  at  rest,  but  be  really  out-of-line 
when  at  work  driving  the  ship  at  sea.  If  the 
hull  is  weak — too  weak  for  the  power  put  into  it 
— it  will  assume  a  different  shape  when  the  en- 
gine is  at  work  to  what  it  is  when  at  rest  at 
anchor  or  lying  in  the  dock.  In  such  a  case  the 
engine  will  be  a  chronic  heater  and  thumper, 
and  no  engineer,  however  able,  will  succeed  in 
keeping  it  in  good  working  order;  it  will  prove  a 
hopeless  case  beyond  all  engineering  doctoring. 

Tinkering  at  such  an  engine  will  only  in- 
crease the  evil,  and  is  worse  than  useless.  It  is 
this  inherent  weakness  of  the  hull  structure 
which  causes  some,  but  not  all,  broken  shafts, 
cranks,  and  crank  pins.  Thrust  bearings  built 
on  a  weak  and  yielding  foundation,  spring  away 
bodily  to  thrust  of  the  shaft,  which  comes  in- 
board, and  has  a  tendency,  and  a  bad  one,  to 
close  up  the  after  crank ;  the  shaft  brasses  become 
cap  and  collar  bound;  and  soon  heating  and 
thumping  begin,  and  a  breakdown  is  near  at 
hand. 
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As  soon  as  the  engine  is  stopped,  everything 
resumes  its  normal  condition — everything  is 
found  in  line — and  the  engineer  wonders  "What 
is  the  matter  with  the  machine,  anyhow?" 

Keep  an  eye  on  the  shaft  and  thrust  bearing — 
a  slight  movement  can  only  be  detected  by  the 
all-seeing  eagle  eye  of  a  true  engineer. 

It  is  troubles  like  these  added  to  the  troubles 
caused  by  the  engine  per  se  (caused  by  bad  de- 
sign, poor  material,  and  worse  workmanship), 
which  brings  the  modest  but  able  engineer  to  the 
front,  and  sends  the  ignorant,  boasting  braggart 
to  the  rear. 

If  your  engine  needs  repairing  and  you  are 
able  to  repair  it,  do  it.  And  here  I  will  devote 
some  valuable  space  to  give  my  brothers  of  the 
marine  engineering  fraternity — particularly  the 
younger  members  of  the  craft — an  object  lesson 
on  the  art  of  "letting  well  enough  alone  "  in  the 
management  of  marine  engines,  boilers,  etc. 
It  is  very  desirable  that  marine  engineers  should 
understand  how  to  repair  their  engines,  boilers, 
etc. ,  in  case  of  necessity — say  when  at  sea  and 
the  ship  a  thousand  miles  away  from  a  shop. 

Now  when  anything  happens  to  the  machinery 
and  it  fails  to  perform  its  functions  properly,  a 
little  forethought  should  be  used  before  proceed- 
ing to  put  things  to  rights.  Merely  taking  an 
engine  apart  and  fitting  it  together  again, 
amounts  to  nothing,  and  is  no  criterion  of  engi- 
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neering  skill.  Before  putting  a  hand  upon  it, 
it  should  be  studied  closely  to  find  ovX  just  where 
the  trouble  is  and  what  causes  it,  then  the  proper 
remedy  can  be  applied, — ^guessing  at  it  won't  do. 
Nine  times  out  of  ten  the  trouble  will  be  found 
in  some  inconspicuous  part,  something  that  a 
turn  of  a  wrench  or  tap  of  a  hammer  will  cure. 
Now,  my  brothers,  is  it  not  better  to  spend  a 
half  hour  in  finding  out  the  true  cause  of  the 
trouble  and  another  half  hour  in  fixing  it,  than 
to  guess  and  go  it  blind  with  wrench  and  ham- 
mer, and  dismember  the  whole  machine  ? 

Take  a  case  or  two  by  way  of  illustration:  Go 
aboard  the  steamship  Nonesuch^  when  you  will, 
and  make  a  bee  line  for  the  engine  room.  You 
will  find  the  engine  working  like  a  clock,  and 
Chief  Brown,  neat  and  tidy,  taking  things  cool 
and  easy.  Chief  Brown  is  a  thorough  engineer, 
but  he  is  as  modest  as  he  is  able;  and  you  will 
never  hear  him  boasting  of  his  own  abilities. 
He  is  not  only  a  skilled  practical  mechanic  and 
expert  engineer,  but  he  is  a  student  also,  devot- 
ing all  his  leisure  time  to  studying  books  and 
papers  on  steam  engineering  and  thereby  keep- 
ing himself  abreast  of  the  times. 

Now  go  aboard  the  steamship  Absurd.  Be- 
hold the  old  machine  working  like  a  stone 
breaker;  see  Chief  Jones  smeared  from  head 
to  foot  with  grease  and  dirt,  monkey  wrench 
and  copper  maul  in  hand,  the  very  picture  of 
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despair.  The  perspiration  rolls  oflF  his  face; 
his  countenance  is  agitated;  he  is  swearing  a 
blue  streak  at  everybody  and  everything.  His 
engine  is  always  out  of  order,  and  he  keeps  it  so 
by  tinkering  at  it  day  and  night  The  trouble 
with  Jones  is,  he  don't  think;  he  is  energetic 
enough,  but  his  efforts  lack  intelligent  observa- 
tion. Jones  is  not  a  student,  but  he  is  a  great 
boaster.  When  he  hears  a  thump,  no  matter 
where  it  really  is,  he  seizes  a  copper  maul  and 
goes  for  the  stub-end  of  the  connecting  rod,  re- 
marking as  he  does  so:  *'I  am  a  practical  man,  I 
am;  there  is  no  book  engineer  about  X.  Y.  Z. 
Jones,"  while  the  assistant  looks  on  in  admira- 
tion not  unmingled  with  fear.  In  a  few  minutes 
the  wail  of  the  greaser  is  heard  crying,  **  Hot  fat. 
Hot  fat,  the  crank-pin  is  on  fire!''  We  all  know 
Brown,  and  we  all  know  Jones.  They  can  be 
found  in  every  seaport  in  the  United  States. 

The  greatest  menace  to  the  modem  marine 
engine  is  the  meddlesome,  tinkering  engineer, 
who  will  tinker  and  experiment  like  the  boy  in 
the  fairy  story:  he  cuts  the  bellows  open  to  see 
where  the  wind  comes  from,  and  if  the  average 
marine  engine  could  only  talk  it  would  exclaim, 
**A11  I  want  is  to  be  let  alone." 

We  will  now  consider  a  few  possible  m-ishaps, 
and  what  we  would  do  in  just  such  emergen- 
cies. 
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CAUSES  OF  ENGINE  THUMPING  AND  THE 

REMEDIES. 

The  engine  may  thump  because  the  shaft, 
crosshead,  or  slides  are  out  of  line;  the  cranks, 
crank-pin,  or  coupling-bolts  may  be  loose;  there 
may  be,  and  often  is,  in  old  engines,  a  collar 
formed  in  the  cylinder  from  long  use  and  neg- 
lect, against  which  the  piston  brings  up  at  the 
end  of  the  stroke;  if  such  be  the  case,  the  collar 
must  be  filed  or  chipped  off.  Some  of  the  keys 
in  the  stub  end  or  fork  end  of  the  connecting- 
rod  may  be  loose;  the  piston  packing  may  need 
setting  out;  the  follower  bolts  may  need  tighten- 
ing up;  or  the  valve  or  valve  gear  may  be  out  of 
order. 

All  noises  are  caused  by  lost  motion  or  loose- 
ness somewhere,  and  they  can  be  cured  if  the 
prime  cause  of  all  is  not  the  weak  hull  of  the 
ship.  It  is  good  policy  on  hearing  a  heavy  and 
unusual  thump  or  noise  about  your  engine,  to 
examine  all  the  keys  and  caps,  to  see  if  they  are 
tight;  if  they  are  all  right,  take  off  the  cylinder- 
head  and  see  if  a  collar  has  formed  in  the  cylin- 
der; if  not,  examine  the  piston  packing,  and  set 
it  out  if  necessary.  Try  the  piston  itself;  it  may 
be  working  loose  on  the  rod.  If  the  air-pump  is 
worked  by  the  main  engine,  examine  its  piston; 
perhaps  it  will  be  found  loose;  next  examine  the 
main  valve,  and  see  if  it  has  the  usual  lead ;  also, 
the  eccentrics  and  link  motion.     Having  done 
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this,  and  all  having  been  found  in  order,  if  the 
thumping  still  continues,  you  may  take  it  for 
granted  that  the  shaft,  slides,  or  cross-head  is 
out  of  line,  and  you  must  line  it  up  as  directed 
below.  To  do  this,  assuming  that  the  cylinder 
is  in  it3  proper  place,  run  a  line  through  the 
centre  of  the  cylinder,  measuring  from  different 
points  to  get  the  line  exactly  in  the  center,  and 
make  it  fast  in  the  crank-pit;  then — 

TO  I,INE  UP  THE  SI.IDES. 

Measure  with  a  straight-edge  the  distance  of  the 
slides  from  the  line  at  the  top  and  the  bottom, 
and  if  the  measurements  are  not  the  same,  liners 
must  be  used  to  set  them  true. 

TO  UNE  UP  THE  CROSS-HEAD. 

If  the  connecting-rod  has  a  fork-end,  and  there 
is  a  hole  in  the  cross-head  for  the  piston-rod,  if 
the  line  does  not  pass  through  the  centre  of  the 
hole,  the  cross-head  is  not  true,  and  the  gibs 
must  be  adjusted  to  make  it  so. 

TO  LINE  UP  THE  SHAFT. 

To  line  up  the  shaft,  bring  the  crank  around 
nearly  on  the  top  centre,  just  so  that  it  will 
touch  the  string,  measure  the  distance  of  the 
forward  end  of  the  crank  from  the  line,  then 
turn  the  crank  around  on  the  bottom  centre  as 
before,  and  measure  the  distance  of  the  crank 
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again.  If  all  the  measurments  are  the  same,  the 
shaft  is  in  line,  that  is,  it  stands  at  right  angles 
to  the  centre  of  the  cylinder;  but  if  the  measur- 
ments are  not  the  same,  the  shaft  is  out  of  line, 
and  it  must  be  raised  or  lowered  until  the  meas- 
urements are  the  same.  Example:  Suppose  the 
crank-pin  be  5  inches  long,  and  (taking  an  ex- 
treme case)  the  distance  of  the  string  is  3  inches 
from  the  forward  crank  and  two  inches  from  the 
after  crank  when  on  the  top  centre,  and  just  the 
reverse  when  on  the  bottom  centre,  it  shows  the 
forward  end  of  the  shaft  is  down  and  needs  rais- 
ing ^  inch.  This  is  an  extreme  case  of  course, 
and  the  measurements  will  seldom  diflFer  more 
than  5i(  or  ^  of  an  inch. 

This  method  saves  the  trouble  of  taking  out 
the  crank-shaft,  which  would  have  to  be  done  to 
use  a  T  square  for  the  purpose. 

To  line  up  the  shaft  of  a  side- wheel  steamer, 
put  the  crank  on  the  top  centre,  and  then  on  the 
bottom  centre,  and  measure  the  distance  accu- 
rately between  the  cranks  in  both  positions  and 
note  the  diflference  in  measurements.  Now  if 
the  diflference  is  greater  when  on  the  top  than 
when  on  the  bottom  centre  (as  it  generally  is)  it 
will  show  that  the  outboard  end  of  the  shaft  (one 
or  both)  is  down,  and  one  or  both  must  be  raised 
until  the  measurements  are  the  same. 

To  see  if  they  are  in  line  fore  and  aft,  put  the 
crank  on  fore  and  aft  half  centers  and  measure 
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the  distance  between  the  cranks  as  before;  if  the 
measurements  are  not  the  same,  then  the  out- 
board end  (one  or  both)  must  be  moved  fore  or 
aft  until  the  distance  between  the  cranks  is  the 
same. 

A  side-wheel  engine  is  placed  in  the  centre  by 
similar  means.  You  mark  the  slides  as  before 
directed,  and  then  nick  the  shaft  at  the  spring 
bearing,  or  in  fact  any  stationary  part  with  which 
it  comes  in  contact 

BROKEN  VAI.VES. 

In  case  of  a  triple-expansion  engine,  if  the 
high-pressure  cylinder  valve  should  break,  take 
it  out  entirely,  and  let  the  steam  flow  through 
the  H.  P.  cylinder  into  the  intermediate  cylin- 
der. This  will  turn  the  engine  into  a  two-cyl- 
inder compound  engine.  Leave  the  valve  stem 
in  the  stuffing  box  to  prevent  steam  leakage. 
Place  the  link  in  mid-gear  and  leave  it  as  it 
was.  If  there  be  any  pumps  worked  from  the 
cross-head  of  the  disabled  engine,  leave  the  con- 
necting-rod as  it  is  to  work  the  pumps;  but  if 
not,  take  off  the  stub  end  (crank  pin  end)  and 
sling  it  out  of  the  way^  leaving  the  piston  resting 
on  bottom  of  cylinder. 

2d.  If  the  valve  of  the  ''intermediate"  cylin- 
der should  break,  proceed  as  before  directed;  the 
st^am  will  flow  through  the  I.  P.  Cyl.  from  the 
H.  P.  Cyl.  to  the  ly.  P.  Cyl. 
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3d.  If  the  valve  of  the  low-pressure  cylinder 
should  break,  take  it  out  as  before;  the  steam 
will  then  exhaust  from  the  I.  P.  Cyl.  through  it 
to  the  condenser. 

ECCENTRICS  AND  ECCENTRIC-RODS. 

If  the  ** go-ahead"  eccentric  or  eccentric-rod 
should  break,  take  it  off  and  substitute  the 
"  backing"  eccentric  or  rod  (as  the  case  may  be) 
in  its  place.  Then  sling  the  backing-end  of  the 
link  up  to  prevent  its  sliding  on  the  link  block. 
Make  fast  to  side  of  ship  or  some  part  of  engine 
frame.  Keep  eccentric-rod  in  line  with  valve 
stem.  In  such  a  case,  bear  in  mind,  the  engine 
cannot  be  "backed."  Repair  the  broken  part 
if  possible,  and  use  in  place  of  part  taken  away. 

DAMAGED  CRANK-PINS. 

Cracks  or  flaws  on  crank-pins  are  generally  of 
two  kinds — one  running  around  the  pin  and  the 
other  running  in  direction  of  its  length.  The 
first  kind  is  a  dangerous  one,  and  it  must  not  be 
neglected.  It  is  caused  by  the  shaft  coming 
inboard  and  throwing  the  thrust  upon  the  crank, 
or  by  the  shaft  being  out  of  line.  In  a  case  of 
this  kind,  drill  a  hole  clear  through  the  webs 
and  pin — the  larger  the  better — and  put  in  a 
bolt,  which  must  be  a  driving  fit,  rivetting  over 
the  ends.  Those  of  the  second  kind — running 
lengthwise — ^are  not  so  dangerous,  and  need 
only  be  chipped  off  and  filed  down. 
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BROKEN  CRANK  WEBS. 

Cranks  will  sometimes  show  dangerous  flaws 
and  even  break  off".  The  remedy  for  this  mishap 
would  be  to  fit  a  stout  strap  or  band  around  the 
crank,  shrunk  on  and  secured  with  tap  bolts. 

BROKEN  SHAFTS. 

Sometimes  a  shaft  will  break  in  such  a  way 
that  it  can  be  fixed  up  to  run  very  easily  by 
means  of  clamps;  at  other  times  the  damage  can- 
not be  repaired  at  all  with  the  material  and  tools 
to  be  had  on  ship-board, 

BROKEN  COUPLING  BOLTS. 

These  are  broken  off,  by  reason  of  the  shaft  be- 
ing out  of  line,  when  all  go  out  of  one  coupling, 
and  you  have  no  extra  ones  on  board,  take  one 
out  of  each  of  the  other  couplings  and  make  up 
a  set. 

CIRCULATING   PUMPS. 

Should  the  circulating  pump  breakdown  so 
that  it  cannot  be  repaired,  turn  the  condenser 
into  a  jet  condenser;  means  with  which  to  do 
which  are  now  furnished  on  all  modern  engines, 

AIR-PUMP. 

A  broken  air-pump  is  indeed  a  bad  break  on 
ship  board.  The  best  thing  to  do  as  a  precau- 
tion is  to  carry  duplicate  parts  of  the  piston 
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(bucket);  some  extra  valves,  so  that  new  ones 
can  at  once  be  substituted  for  the  broken  parts. 

BURSTED  PIPES. 

When  a  pipe  bursts,  place  a  piece  of  sheet  iron 
smeared  well  over  with  white  or  red  lead,  over 
the  crack  and  wrap  it  tightly  all  over  with  cop- 
per wire.  In  case  of  steam  pipes  use  clamps — in 
halves — in  addition  to  wire  wrapping. 

These  are  only  a  few  of  the  many  break-downs 
which  may  happen  at  sea  under  the  best  of  man- 
agement, and  are  only  intended  to  give  the 
learner  a  general  idea  of  what  is  to  be  done  in 
similar  cases. 

Engineers,  like  poets,  are  born  not  made,  and  a 
bom  engineer  is  always  ready  for  any  emergency 
— still  prevention  is  better  than  cure  in  engine- 
ering as  well  as  in  physics;  so  prevent  all  the 
breakdowns  you  can. 

REPAIRS  TO  BOILERS  AT  SEA. 

Owing  to  imperfections  in  the  iron,  small 
cracks  often  appear  in  the  crown-sheet,  flues, 
and  back  connections.  If  in  the  crown-sheet, 
and  not  more  than  two  inches  in  length,  drill  a 
hole,  cutting  the  crack  out,  cut  a  taper  thread, 
and  insert  a  wrought-iron  pipe  plug  (a  number 
of  which  of  different  sizes  should  be  carried  for 
that  purpose)  smeared  with  white  lead. 

If  in  a  flue,  drill  a  number  of  small  holes,  and 
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put  in  small  rivets,  hammering  the  heads  out  so 
as  to  cover  the  crack. 

If  the  crack  is  more  than  two  inches  long,  or 
if  it  be  a  large  hole  which  cannot  be  plugged, 
then  you  must  put  on  a  hard  patch,  and  if  the 
patch  cannot  be  riveted  on,  then  put  it  on  with 
tap-bolts  screwed  into  the  sheet;  care  must  be 
taken  to  admit  water  to  the  patch,  else  the  fire 
will  soon  destroy  it  Hard  patches  should  be  used 
on  all  parts  of  the  boiler  reached  by  the  fire;  and 
soft  patches  on  the  shell,  and  every  other  part 
not  exposed  to  the  fire. 

The  difference  between  a  hard  patch  and  a 
soft  patch  is,  that  a  hard  patch  is  riveted  on  or 
put  on  with  tap  bolts — bolts  screwed  into 
threaded  holes  both  in  the  patches  and  sheet 
A  soft  patch  is  put  on  with  bolts  and  nuts.  The 
best  way  to  put  on  a  soft  patch  is  to  first  make 
a  pattern  of  the  patch  needed  out  of  sheet  lead. 
Then  take  a  piece  of  boiler  plate  and  forge  a 
patch  as  near  like  the  lead  pattern  as  possible, 
and  lap  over  edge  all  around.  Then  drill  as 
many  %  holes  as  are  necessary  about  3  inches 
apart  in  the  sheet  first  and  corresponding  ones  in 
the  patch  afterwards:  the  holes  should  come  true. 
Next  mix  some  boiler-makers'  cement  which  is 
composed  of  equal  parts  of  white  and  red  lead 
mixed  with  enough  iron  borings  to  make  a  stiff 
putty.  Cover  the  inside  of  the  patch  with  this 
putty  and  it  is  ready  to  go  on.     Now  wrap  some 
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5^  bolts  with  lampwick  smeared  with  plain  white 
lead,  pass  the  bolts  through  from  the  inside  and 
set  up  the  nuts  tight,  placing  a  washer  between 
each  nut  and  the  patch.  Should  the  patch  be 
so  situated  that  the  bolts  cannot  be  put  through 
with  the  hand  then  they  must  be  fished  through. 
To  fish  a  bolt  you  must  take  a  long  piece  of  wire, 
pass  it  through  the  bolt-hole  and  out  through  the 
hand-hole,  then  tie  the  bolt  to  the  wire  with  a 
piece  of  strong  string,  giving  about  an  inch  slack, 
haul  out  the  wire  and  the  bolt  will  come  out 
nicely  in  its  place. 

I.EAKY  TUBES,  AND  HOW  TO  PLUG  THEM  UP. 

Let  us  suppose  the  tube  is  3  inches  in  diam- 
eter, and  7  feet  long.  We  take  two  white-pine 
plugs  3  inches  in  diameter,  tapering  off"  to  2  7-* 
inches,  and  about  4  inches  long.  Next,  bore  a 
3-4  inch  hole  through  the  centre  of  the  plug. 
Take  a  5-8  inch  bar,  7  feet  4  inches  long,  with 
a  thread  cut  two  inches  in  length  on  each  end. 
Run  the  bar  through  the  tube,  put  in  the  pine 
plugs,  and  drive  them  in  flush  with  the  tube. 
Place  a  saucer-shaped  washer  filled  with  red 
lead,  putty,  or  boiler-maker's  cement,  on  each 
plug,  and  screw  up  tight  with  nuts. 

The  following  cut  will  show  at  a  glance  how 
this  is  done: 
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Fig.  72. 


BEAM  ENGINES  (SIDEWEEI.  STEAMERS). 

How  to  Set  a  Stevens  Cut-off. 

Let  lis  suppose  the  eccentrics  loose  upon  the 
shaft,  and  the  toes  loose  upon  the  rock-shaft ; 
now,  also,  let  us  suppose  the  engine  should  have 
10  feet  stroke,  and  we  wish  to  cut  off  at  half- 
stroke,  that  is,  at  5  feet.  We  set  the  upper 
steam- valve  first.  To  do  this  we  measure  off,  on 
the  slides  from  the  top  of  the  stroke,  the  distance 
of  2  1-2  feet,  and  then  secure  the  cross-head  just 
at  that  point.  Next,  block  up  the  lifting  rod 
with  the  upper  vdXwe^  its  proper  lift  (1-4  its  diam- 
eter), and  secure  it  there  by  setting  up  on  the 
binders.  Next,  secure  the  pin  in  the  rock-shaft 
arm,  about  midway  in  the  slot ;  then  hook  on 
the  eccentric  rod,  and  turn  the  eccentric  forward 
its  full  throw  ^  and  then  turn  the  toe  on  the  rock- 
shaft  up  until  it  just  touches  the  upper  toe  on 
the  lifting-rod  ;  secure  the  eccentric  and  toe  on 
rock -shaft,  and  the  upper  valve  is  set  to  cut-off 
at  half-stroke.  To  set  the  lower  steam-valve, 
you  merely  turn  the  engine  back  until  the  ec- 
centric gives  its  full  throw  backwards,  and  then 


HOW  TO  MAKE  REPAIRS  AT  SEA.  31I 

blocking  up  the  lower  steam-valve  to  its  proper 
lift,  you  turn  the  other  toe  on  the  rock-shaft  up 
until  it  just  touches  the  toe  on  the  lifting-rod, 
and  secure  it,  and  both  your  steam-walvts  are 
set  To  set  the  exhaust-valves  you  place  the 
engine  on  the  centre,  secure  the  pin  in  the  rock- 
shaft  arm,  and  also  the  toes,  and  then  turn  the 
eccentric  around  until  it  gives  the  proper  lead, 
and  then  secure  it. 

The  j/^«w- valves  on  a  beam  engine  require  no 
lead.  They  should  be  set  so  as  to  just  begin  to 
lift  as  the  crank  passes  the  centre  ;  but  the  ex- 
haust-v^Xvts  should  have  some  lead.  Poppet- 
valves  set  in  this  way  as  regards  lead  will  give 
satisfaction. 

The  precaution  must  be  taken  in  setting  a 
Stevens  cut-ofF  not  to  raise  the  pin  in  the  rock- 
shaft  arm  so  that  the  eccentric  will  throw  in  a 
straight  line,  otherwise  a  break-down  must  fol- 
low. By  lowering  the  toes  on  the  rock-shaft 
arm  it  cuts  oflF  shorter;  by  raising  them  the  steam 
follows  further.  After  altering  the  position  of 
the  toes  to  give  a  diflFerent  cut-off,  the  pin  in  the 
rock-shaft  arm  must  be  raised  (or  lowered  as  the 
case  may  be)  to  preserve  the  proper  lift  for  the 
valve;  and  the  eccentric  moved  forward  to  open 
the  valve  at  the  proper  time. 

A  Stevens  cut-off  will  not  cut-off  equally  from 
both  ends. 


CHAPTER  XXIII. 

TAKING  CARE  OF  AN  ENGINE. 

Finding  the  Cause  of  Thumping  and  Heating-^^ 
The  Constitutional  Thumper. 

If  the  bed  plate  of  the  engine  be  put  down 
perfectly  level,  and  securely  bolted  to  a  strong, 
solidly  built  hull,  and  the  shaft  be  put  down 
level,  and  exactly  at  right  angles  to  the  centre 
line  of  the  cylinders  of  the  engine,  and  the  pil- 
low blocks  upon  which  the  shaft  rests  upon  solid 
foundations,  and  be  well  braced  against  the  di- 
rection of  the  strain — in  short,  if  the  engine  be 
properly  put  down,  then  it  is  the  duty  of  the 
engineer  who  takes  charge  of,  and  runs  it,  to  see 
that  it  is  kept  perfectly  level,  well  bolted  down 
and  perfectly  in  line.  If  the  bolts  become  so 
loose  that  the  bed  plate  begins  to  move  on  the 
foundation,  he  should  not  screw  them  up  until 
he  examines  carefully  to  see  that  the  engine  has 
not  worked  itself  out  of  level  or  out  of  line. 

The  first  thing  likely  to  claim  his  attention  is 
the  proper  adjustment  of  the  brasses  of  the  con- 
necting-rod,  and  those  on  the  journals  of  the 

shaft;  these  must  fit  their  journals  tight  enough 
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to  prevent  thumping,  and  at  the  same  time  be 
loose  enough  to  keep  the  journals  from  heating. 
This  requires  nice  adjustment  of  the  brasses. 
Just  here  generalities  come  to  an  end,  and  he 
must  come  down  to  the  peculiar  behavior  of  the 
one  particular  engine  in  his  charge.  Many 
times  some  of  these  brasses  will  heat,  and  at 
the  same  time  thump  badly;  then  he  is  apt  to 
come  to  the  conclusion  that  it  is  impossible  for 
a  journal  to  be  too  tight  and  at  the  same  time 
too  loose,  but  thinks  that  it  is  heating  because 
it  is  too  tight,  and  that  the  loose  place  or 
thumping  is  somewhere  else.  He  slacks  the 
box  oflF  just  a  very  little  to  stop  the  heating,  but 
when  he  starts  up  he  finds  that  while  the  box  is 
still  heating  a  little,  the  thumping  is  a  great 
deal  worse  than  ever.  Now  he  knows  that  the 
thumping  is  in  that  box,  because  he  didn't 
alter  anything  else  about  the  engine;  but  for  the 
life  of  him  he  can't  tell  how  it  is,  and  every  time 
he  gets  a  chance  to  stop  the  engine  he  is  tinker- 
ing with  that  box,  tightening  it  a  little  this 
time,  and  slacking  off  a  little  the  next,  and  con- 
cludes each  time  that  he  altered  it  too  much,  and 
so  he  worries  along  with  it  for  four  or  five  days, 
until  finally  it  comes  all  right,  quits  heating  and 
thumping.  Then  he  is  satisfied  that  he  fixed  it, 
but  he  cannot  tell  you  how,  and  after  awhile, 
when  the  same  thing  occurs  again,  he  knows  as 
little  about  it  as  before,  and  just  tinkers  away  on 
it  until  it  gets  right  again. 
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To  find  the  cause  is  easy  enough.  If  he  will 
examine  the  box  carefully  he  will  find,  strange 
as  it  may  seem,  that  it  really  is  both  too  tight 
and  too  loose;  he  will  find  that  the  key  does  not 
force  the  brasses  up  against  the  journal  squarely, 
or  rather  the  end  of  the  connecting  rod  or  the 
straps  (as  the  case  may  be),  does  not  fit  squarely 
against  the  back  of  the  brasses,  and  in  that  way 
the  pressure  against  the  journal  is  all  on  one  side 
of  the  brasses,  generally  the  bottom  side,  while 
there  is  space  left  between  the  back  of  the  brass 
and  the  end  of  the  rod  at  the  top.  When  the 
engine  is  at  work,  this  space  is  sufiicient  to  allow 
it  to  thump,  and  in  so  doing  the  brasses  are 
forced  still  tighter  against  the  journal  at  the 
bottom,  causing  it  to  heat  badly.  So  he  finds 
that  it  was  really  too  tight  and  too  loose.  He 
can  make  it  adjust  itself  by  tightening  up  on  it, 
and  letting  it  run  until  the  tight  side  of  the 
brasses  wears  down  even  with  the  slack  side, 
but  if  he  does  this  the  brasses  will  be  out  of 
square  on  the  side  next  to  the  journal,  and  will 
always  be  troublesome.  The  proper  way  to 
remedy  it  is  to  file  oflf  the  brasses  on  the  under 
side  until  they  fit  all  over  alike. 

This  condition  is  more  often  brought  about  by 
carelessness  in  putting  in  liners  behind  the 
brasses  after  they  begin  to  wear.  The  average 
engineer  is  apt  to  make  liners  out  of  the  first 
thing  he  can  lay  his  hands  on  in  the  way  of 
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sheet  metal,  generally  a  piece  of  hoop  iron  that 
is  too  narrow  to  cover  more  than  one-half  of  the 
back  of  the  brass,  which,  of  course,  throws  it 
out  of  square;  but  he  keys  up  on  it  and  starts  up 
his  engine,  and  then  wonders  what  makes  the 
thing  heat  and  thump  so.  He  should  be  very 
careful  to  cut  his  liners  out  of  sheet  metal  of 
even  thickness,  and  cut  them  to  fit  and  cover 
the  whole  back  of  the  brass.  The  above  applies 
equally  well  to  the  quarter  boxing  on  the  shaft. 
There  are  engines  that  thump  from  the  time 
they  start  up  new  until  they  are  worn  out;  do 
what  you  will,  you  can't  stop  them  from  thump- 
ing, and  you  may  send  for  the  man  who  built 
the  engine,  and  he  can't  stop  it,  and  he  cannot 
or  will  not  tell  you  the  cause  of  it     These  are 

Constitutional  Thumpers^ 

and  they  are  generally  good  drivers  and  last 
tolerably  well  if  the  man  in  charge  of  them  don't 
tinker  them  to  death  trying  to  stop  the  thump- 
ing. Of  course  there  is  a  cause  f6r  the  thump- 
ing, but  in  order  to  correctly  understand  the 
cause  it  is  necessary  to  take  into  consideration 
the  direction  of  the  greatest  amount  of  strain 
brought  to  bear  upon  the  frame-work  of  the  en- 
gine while  running  under  full  steam.  The  steam 
at  150  pounds  pressure  discharged  from  the 
boiler  rushes  into  the  cylinder  of  the  engine  and 
against  the  piston,  at  the  tremendous  velocity 
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of  1450  feet  per  second,  or  at  the  rate  of  sixteen 
miles  per  minnte,  less  the  friction  which  would 
bring  it  down  to  say  1200  feet  per  second;  the 
piston  receives  this  tremendous  shock  just  after 
■it  has  reached  the  end  of  the  cylinder,  and  is 
standing  almost  still ;  the  crank  pin  is  just 
crossing  the  centre,  and  is  moving  at  right 
angles  to  the  direction  of  the  strain.  So  the 
whole  strain  of  the  shock  is  brought  to  bear  upon 
the  bed  plate  or  framework  of  the  engine. 
When  the  pin  is  on  the  top  centre,  the  strain 
is  upon  the  centre  of  the  bed  plate  outward  each 
way,  and  the  next  movement  when  it  reaches 
the  bottom  centre  the  strain  upon  the  bed  plate 
is  reversed.  So  that  the  strain  brought  to  bear 
upon  the  bed  plate  or  frame  of  a  quick -working 
engine  by  these  shocks,  first  in  one  direction 
and  then  in  another,  in  quick  succession,  is 
tremendous.  Now  the  constitutional  thumper 
is  an  engine  whose  bed  plate  or  frame  is  too 
weak,  and  each  successive  shock  causes  it  to 
spring  in  the  Iniddle  enough  to  throw  the  guides 
out  of  line,  or  gives  the  crosshead  too  much  play 
in  the  guides,  and  right  there  you  will  find  the 
thump  of  the  constitutional  thumper. 


CHAPTER  XXIV. 

VALUABI^E  INFORMATION. 

To  §nd  the  capacity  of  a  cylinder  in  gallons, 
multiply  the  area  in  inches  by  the  length  of 
stroke  in  inches  and  it  will  give  the  total  num- 
ber of  cubic  inches;  divide  this  by  231  and  you* 
will  have  the  capacity  in  gallons. 

The  U.  S.  standard  gallon  measures  331  cubic 
inches,  and  contains  8^  pounds  of  distilled 
water. 

The  mean  pressure  of  the  atmosphere  is 
usually  estimated  at  14.7  pounds  per  square 
inch. 

The  average  amount  of  coal  used  for  steam 
boilers  is  la  pounds  per  hour  for  each  square 
foot  of  grate. 

The  average  weight  of  anthracite  coal  is  53 
pounds  to  one  cubic  foot  of  coal;  bituminous, 
about  48  pounds  to  the  cubic  foot. 

Locomotives  average  a  consumption  of  3000 
gallons  of  water  per  100  miles  run. 

To  determine  the  circumference  of  a  circle, 
multiply  the  diameter  by  3. 1416. 

To  find  the  pressure  in  pounds  per  square  inch 
of  a  column  of  water,  multiply  the  height  of  the 
column  in  feet  by  .434,   approximately;  every 
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foot  elevation  is  equal  to  )^  pound  pressure  per 
square  inch,  allowing  for  ordinary  friction. 

The  area  of  the  steam  piston,  multiplied  by 
the  steam  pressure,  gives  the  total  amount  of 
pressure  that  can  be  exerted.  The  area  of  the 
water  piston,  multiplied  by  the  pressure  of  water 
per  square  inch,  gives  the  resistance.  A^nargin 
must  be  made  between  the  power  and  the  resist- 
ance to  move  the  pistons  at  the  required  speed, 
•  from  20  to  40  per  cent,  according  to  speed  and 
other  conditions. 

To  determine  the  diameter  of  a  circle,  multi- 
ply circumference  by  .31831. 

Steam  at  atmospheric  pressure  flows  into  a 
vacuum  at  the  rate  of  about  1550  feet  per  second, 
and  into  the  atmosphere  at  the  rate  of  650  feet 
per  second. 

To  determine  the  area  of  a  circle,  multiply  the 
square  of  diameter  by  .7854. 

FI.OW  OF  STEAM  THROUGH  PIPES. 

The  quantity  of  steam  flowing  through  a  pipe 
in  a  given  time  under  a  given  *'  head"  or  loss  of 
pressure,  increases  more  rapidly  than  the  area  of 
the  pipe,  or  its  ratio  to  the  length,  directly  as  the 
square  root  of  the  density,  and  of  the  loss  of 
pressure,  and  inversely  as  the  square  root  of  the 
length. 

The  following  table  gives  approximately  the 
weight  of  steam  per  minute  which  will  flow  from 
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various  initial  pressures,  with  a  loss  of  pressure 
due  to  friction  of  one  pound  per  square  inch, 
through  different  sizes  of  straight  smooth  pipes, 
each  having  a  length  of  240  times  its  own  diame- 
ter (equal  to  20  feet  for  each  inch  in  diameter.) 
It  has  been  calculated  by  the  formula: 


„    /D(Pi  — P«) 

In  which  d=diameter  in  inches,  D=density 
or  weight  per  cubic  foot;  pi  the  initial  pressure, 
pi  the  pressure  at  end  of  pipe,  and  L=the  length 
expressed  in  diameters.  For  sizes  of  pipe  below 
6  inch,  the  flow  is  calculated  from  the  actual 
areas  of  "standard"  pipe  of  such  nominal  diame- 
ters. 
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For  horse  power,  multiply  the  figures  in  the 
table  by  2.  For  any  other  loss  of  pressure  mul- 
tiply by  the  square  root  of  the  given  loss.  For 
any  other  length  of  pipe,  divide  240  by  the  given 
length  expressed  in  diameters^  and  multiply  the 
figures  in  the  table  by  the  square  root  of  this 
quotient^  which  will  give  the  flow  for  i  lb.  loss 
of  pressure.  Conversely,  dividing  the  given 
length  by  240  will  give  the  loss  of  pressure  for 
the  flow  given  in  the  table. 

The  resistance  to  the  steam  entering  the  pipe, 
when  it  is  not  provided  with  special  bell  mouth 
opening,  is  equal  to  the  friction  of  60  diameters 
additional  length,  or  25  per  cent,  additional  loss 
of  pressure  under  the  conditions  of  the  table.  A 
globe  valve  may  be  estimated  as  60,  and  each 
elbow  as  40  diameters  additional  length.  Thus, 
a  pipe  120  diameters  in  length,  with  one  globe 
valve  and  three  elbows,  would  have  i^  lbs.  loss 
of  pressure  with  the  flow  given  in  the  table,  or 
deliver  i  -*-  VTyi  =  81.7  per  cent,  of  the  steam, 
with  one  pound  loss  of  pressure.  These  equiva- 
lents, viz: — 60  for  opening,  60  for  each  globe 
valve,  and  40  for  each  elbow,  must  be  added  in 
all  cases  in  estimating  the  length  of  pipe;  thus 
in  the  case  just  given,  120  +  60  -f  60  +  (3  x  40) 
=  360=  240  X  i^. 


322      THE  AMERICAN   MARINE  ENGINEER. 
TABI^E  OF  SPSCIPIC  GRAVITIES. 

Weight  of  a  cubic  inch 
in  pounds. 

Copper,  cast 3178 

Iron,  cast 263 

Iron,  wrought 276 

Lead 4103 

Steel 2827 

Gun-metal 3177 

DIVISIONS  OF  DEGREES  OF  HEAT. 

The  thermometer  is  an  instrument  for  meas- 
uring sensible  heat.  It  consists  of  a  glass  tube  of 
very  fine  bore,  terminating  in  a  bulb.  This  bulb 
is  filled  with  mercury,  and- the  top  of  the  tube 
is  hermetically  sealed  after  all  the  air  has  been 
expelled.  The  instrument  is  then  put  into  steam 
arising  from  boiling  water,  and  when  the  bar- 
ometer stands  at  30  inches,  a  mark  is  placed  on 
a  scale  affixed  opposite  the  place  the  mercury 
stands  at.  It  is  again  put  in  melting  ice  and 
the  scale  again  marked.  The  space  between 
these  marks  is  divided  into  spaces  called  degrees. 
In  this  country  and  England  it  is  divided  into 
180  equal  parts,  calling  freezing  point  32°,  so 
that  the  boiling  point  is  212°,  and  zero  or  o  is  32 
below  freezing  point;  and  this  scale  is  called 
Fahrenheit's.  On  the  continent  two  other  scales 
are  in  use:  the  Centigrade,  in  which  the  space  is 
divided  into  100  equal  parts,  hence  the  name; 
and  Reaumur's,  in  which  the  space  is  divided 
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into  80.  In  both  of  these  scales  freezing  point 
is  o  or.  zero,  so  that  the  boiling  point  of  Centi- 
grade is  100°  and  Reaumur  80°. 

AVERAGB  BREAKING  AND  CRUSHING  STRAINS  OP  IRON 

AND  STEEI«. 

Breaking  strain  of  wrought  iron  =  23  tons  . 
Crushing  strain  of  wrought  iron  =  17  tons  . 
Breaking  strain  of  cast  iron,  about  T}i  tons 
Crushing  strain  of  cast  iron  =  50  tons  .  .  . 
Breaking  strain  of  steel  bars  about  50  tons  . 
Crushing  strain  of  steel  bars  up  to  116  tons 


Per  square 

inch 
of  section. 


PROPORTIONS  OP  VARIOUS  COMPOSITIONS  IN  COMMON  USE. 

(IN   100  PARTS.) 

Babbitt's  Metal  ....  Tin  89,  Copper  3.7,  Antimony  7.3. 
Fine  Yellow  Brass  .   .  Copper  66,  Zinc  34. 
Gun  Metal,  Valves,  &c. Copper  90,  Tin  10. 

White  Brass Copper  10,  Zinc  80,  Tin  10. 

German  Silver  ....  Copper  33.3,  Zinc  33.4,  Nickel  33.3. 

Church  Bells CopperSo,  Zinc 5.6,  Tin  10. i.  Lead 4.3. 

Gongs Copper  81.6,  Tin  18.4. 

Lathe  Bushes Copper  80,  Tin  20. 

Machinery  Bearings    .  Copper  87.5,  Tin  12.5. 

Muntz  Metal Copper  60,  Zinc  40. 

Sheathing  Metal .  .  •  Copper  56,  Zinc  44. 

STEAM  COAL. 

Steam  coal  being,  as  everybody  knows,  un- 
qnestionably  the  most  important  and  largest  ex- 
pense in  the  making  of  steam,  is  deserving 
a  most  careful  investigation  by  engineers  and 
owners,  who,  unlike  chemists  and  college  pro- 
fessors, consider  the  subject  wholly  in  a  practi- 
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cal  way  as  relating  to  the  coal  bills  of  their 
establishments. 

Useful  knowledge  of  every-day  economy  of 
coal  is  seldom  gained  by  ''tests"  conducted  by 
experts,  for  several  reasons  so  plain  that  they 
will  not  require  explanation,  ist  The  cost  of 
the  fuel  used  in  ''tests,"  whatever  may  be 
stated,  is  too  high,  average  or  "every-day"  coal 
not  being  used.  The  experiments  are  made  with 
picked  men  and  picked  fuel,  for  brief  periods, 
with  everything  at  its  best,  and  the  results  ob- 
tained, if  looked  for  in  the  ordinary  run  of  busi- 
ness, will  be  disappointing  in  the  results  of  the 
wholesale  order.  2d.  Men  working  as  firemen 
in  the  hot  fire  rooms,  cannot  be  expected,  with 
the  ordinary  appliances,  to  watch  where  every 
lump  of  coal  falls  when  feeding  the  furnaces,  nor 
to  clean  the  grates  any  oftener  than  they  are 
compelled  to  do.  3d.  Moreover,  too  many 
owners  favor  the  low  wages  plan,  and  for  an  ap- 
parent saving  of  a  few  dollars  per  month,  waste 
many  times  the  amount  in  their  furnace  doors. 
4th.  Little  or  no  encouragement  is  given  for 
careful  or  economical  firing,  as  a  rule.  The  fire- 
man who  oftentimes  wastes  as  much  as  his  en- 
tire wages,  secures  the  same  pay  as  the  man 
working  alongside  of  him  who  saves  it  all.  It 
may  be  remarked  that  this  is  "not  business," 
but  many  are  the  concerns  who  run  their  vessels 
upon  this  system.     Careful  handling  of  coal  in 
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firing  pays  better  than  any  other  thing  about  a 
steam  vessel,  and  it  is  the  wisest  economy  to 
secure  good  and  careful  men  to  do  it. 

As  is  well  understood,  the  conditions .  or  cir- 
cumstances attending  the  combustion  of  coal  for 
steam  purposes,  embrace  a  wide  range.  A  very 
few  steamers  work  under  conditions  that  admit 
of  a  high  attainment  of  economy.  But  by  far 
the  largest  number  have  a  fluctuating  demand 
for  steam,  and  in  that  respect  are  largely  at  a 
disadvantage.  Many  boilers  are  badly  con- 
structed, others  suflFer  from  an  insufficiency  of 
draft,  and  in  many  cases  there  seems  to  be  no 
end  of  complications  detrimental  to  best  results. 

These  practical  difficulties  and  uncertanties, 
which  are  well  known  to  every  experienced  en- 
gineer, render  any  investigation  worthy  of  the 
name  slow  and  laborious.  It  has  taken  consid- 
erable time  and  research  to  arrive  at  the  conclu- 
sion, though  differing  from  the  preponderance  of 
hearsay  or  guess-work  evidence,  that  now  at  least 
^Hhe  highest  priced  coal  is  the  cheapest  for  steam 
productions^ ^  I^ate  improvements  in  the  con- 
struction of  grate-bars  have  undoubtedly  added 
largely  to  the  value  of  soft  coals.  The  great 
difficulty  in  former  times  of  ridding  the  fur- 
naces of  the  incombustible  part  of  these  very 
valuable  coals  has  now  been  removed  by  im- 
provements. 

28 
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AMERICAN  COALS. 


• 

43 

Theoretical 

• 

Theoretical 

< 

• 

3-49 

Value. 

COAI«. 

Kind  of 
State.         Coal. 

to 
< 

• 

§ 

u 

£ 
5-20 

Value. 

COAI^ 

Kind  of 
Stete.           Coal. 

In  Heat 
Units. 

In  Pounds 
of  Water 
evap. 

In  Heat 
Units. 

In  Pounds 

ol  Water 

evap. 

Penn.  Anthracite 

14.199 

14.70 

111.  .    Bureau  Co. 

13,025 

13.48 

(' 

(                                     44 

• 

6.13 

13.535 

14.01 

'*    .    Mercer  Co. 

5-60 

13,123 

13.58 

• 

2.90 

14,221 

14.72 

'*    .  .    Montauk 

5.50 

12,659 

13.10 

"    ....  Cannel 

15.02 

131368 

13.60 

Ind. .  .  .    Block 

a.50 

13,588 

14.38 

'*   Connellsville 

6.50 

13-84 

"...  Caking 
"...  Cannel 

5-66 

14,146 

1464 
13-56 

"    Semi-bi'nous 

1077 

13.155 

13.62 

6.00 

13.097 

*      Stone's  Gas 

5.00 

14,021 

14.51 

Md.  Cumberland 

13.08 

12,226 

12.65 

'•    Youghiog^ny 

5.60 

14,265 

14.76 

Ark. .  .    I«ignite 
Col..  .  .     ^* 

5.00 

9,215 

9-54 

"...  Brown 

9-50 

12,324 

12.75 

9.25 

13,562 

1404 

Kent'ky.  Caking 
Cannel 

2.75 

14,391 

14.89 

44                                       <4 

•      •      • 

4.50 

13,866 

14.35 

2.00 

15.198 

16.76 

Texas.  .       " 

4-50 

12,962 

13  4X 

It       .       tt 

14.80 

13.360 

1384 

Wash.Ter.    " 

3.40 

",551 

11.96 

Wgnite 

7.00 

9,326 

9  65 

Penn.  Petroleum 

•      • 

20,746 

21.47 

TEMPERATURE  OP  FIRE. 

By  reference  to  the  table  of  fuels,  it  will  be 
seen  that  the  temperature  of  the  fire  is  nearly  the 
same  for  all  kinds  of  combustibles,  under  similar 
conditions.  If  the  temperature  is  known,  the 
conditions  of  coijibustion  may  be  inferred.  The 
following  table,  from  M.  Pouillet,  will  enable 
the  temperature  to  be  judged  by  the  appearance 
of  the  fire: 


Appearance. 

Temp.  Fah. 

Appearance. 

Temp.  Fah. 

Red,  just  visible.  .  . 

*•    dull 

"    Cherry  dull    .  . 
"         "       full.  .  . 
"        "      clear  .  . 

977® 
X290 

1470 

1650 

1830 

Orange,  deep 

clear  .... 

White,  heat 

bright.   .  .  . 
"       dazzling.    .  . 

2010O 

2190 

2370 

2550 

2730 
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To  determine  temperature  by  fusion  of  metals, 


etc. 


Substance. 

Temp. 
Fah. 

Metal. 

Temp. 
Fah. 

Metal. 

Temp. 
Fah. 

Tallow  .  .  . 
Spermaceti. 
Wax,  white . 
Sulphur.  .  . 
Tin  .  .... 

9^ 
lao 

154 
239 
455 

Bismuth  .  . 
I«ead  .... 

Zinc 

Antimony.  . 
Brasa  .... 

518° 
630 

793 
810 

1650 

Silver,  pure .... 

Gold  Coin 

Iron  Cast,  medium. 

Steel 

Wrought  Iron.   .  . 

1830P 
2156 

SOIO 

8550 
3910 

FOAMINQ  IN   BOILERS. 

The  causes  are  dirty  water;  trying  to  evapor- 
ate more  water  than  the  size  and  construction  of 
the  boiler  is  intended  for;  taking  the  steam  too 
low  down;  insufficient  ste^m  room;  imperfect 
construction  of  boiler,  and  too  small  a  steam 
pipe. 

Take  a  kettle  of  dirty  water  ^nd  place  it  on  a 
fire  and  allow  it  to  boil  and  watgh  it  foam,  and 
it  will  be  the  same  in  a  boiler. 

Too  little  attention  is  paid  to  boilers  with  re- 
gard to  their  evaporating  power.  Where  the 
boiler  is  large  enough  for  the  water  to  circulate, 
and  there  is  surface  enough  to  give  off  the  steam, 
foaming  never  occurs.  As  the  particles  of  steam 
have  to  escape  to  the  surface  of  the  water  in  the 
boiler,  unless  that  is  in  proportion  to  the  amount 
of  steam  to  be  generated,  it  will  be  delivered 
with  such  violence  that  the  water  will  be  mixed 
with  it  and  cause  what  is  called  foaming. 

A  high  pressure  insures  tranquility  at  the  sur- 
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face,  and  the  steam  itself  being  more  dense  it 
comes  away  in  a  more  compact  form,  and  the 
ebullition  at  the  surface  is  no  greater  than  at  a 
lower  pressure.  When  a  boiler  foams  we  close  the 
throttle  to  check  the  flow,  and  that  keeps  up  the 
pressure  and  lessens  the  sudden  delivery. 

Too  many  tubes  in  a  boiler  obstruct  the  pass- 
age of  the  steam  from  the  lower  part  of  the 
boiler  on  its  way  to  the  surface;  this  is  a  fault  in 
construction;  but  nearly  all  foaming  arises  from 
dirty  water,  or  from  trying  to  evaporate  too  much 
water  without  heating  surface  or  steam  room 
enough. 
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Properties  of  Saturated  Steam. 


Prbssukb. 

Volume. 

Total  Heat 

Temper^ 

I^atent 

required  to 

generate  i  lb. 

By 
Steam 
Guage. 

ature  in 

Com- 

Cubic 

Heat  in 

of  Steam 

ToUl. 

Fahren- 
heit De- 
grees. 

pared 

with 

Water. 

Feet  of 

Steam 

from  I  lb. 

Fahren- 
heit De- 
grees. 

from  Water 

at  32  deg.  ua« 

der  constant 

of  Water. 

pressure. 

In  Heat  Units 

0 

15 

212.0 

1642 

26.36 

9652 

II46.I 

5 

20 

228.0 

1229 

19.72 

952.8 

1 150.9 

lo 

25 

240.1 

996 

15.99 

945-3 

II54.6 

15 

30 

250.4 

838 

13.46 

937.9 

I 157.8 

20 

35 

259.3 

726 

11.65 

931.6 

1 160.5 

25 

40 

267.3 

640 

10.27 

926.0 

II62.9 

30 

45 

274.4 

572 

9.18 

920.9 

1 165. 1 

35 

50 

281.0 

518 

8.31 

916.3 

1 167. 1 

40 

55 

287.1 

474 

7.6i 

912.0 

II  69.0 

45 

60 

292.7 

437 

7.01 

908.0 

1 170.7 

50 

65 

298.0 

405 

6.49 

904.2 

1172.3 

55 

70 

302.9 

378 

6.07 

900.8 

II73.8 

60 

75 

307.5 

353 

5.68 

897.5 

II75.2 

65 

80 

312.0 

333 

5.35 

894.3 

1 176.5 

70 

85 

316. 1 

314 

5.05 

891.4 

"77-9 

75 

90 

320.2 

298 

4.79 

888.5 

1 179. 1 

80 

95 

324.1 

283 

4.55 

885.8 

1 180.3 

85 

100 

327.9 

270 

4.33 

883.1 

1181.4 

90 

105 

331-3 

257 

4.14 

880.7 

1 182.4 

95 

no 

334.6 

247 

3.97 

878.3 

1 183.5 

100 

115 

338.0 

237 

380 

875.9 

1 184.5 

no 

125 

344.2 

219 

3.51 

871.5 

IJ86.4 

120 

135 

350.1 

203 

3.27 

867.4 

1188.2 

130 

145 

355.6 

190 

3.06 

863.5 

I 189.9 

140 

155 

361.0 

179 

2.87 

859.7 

1191.5 

150 

165 

366.0 

169 

2.71 

856.2 

1192.9 

160 

17s 

370.8 

159 

2.56 

852.9 

1 194.4 

i7o 

185 

375.3 

151 

2.43 

849.6 

I 195.8 

180 

195 

379.7 

144 

2.31 

846.5 

1 197. 2 

This  table  gives  the  value  of  all  properties  of 
saturated  steam  required  in  calculations  con- 
nected with  steam  boilers. 
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COI.I.APSE  OF  FURNACES. 

''  In  marine  boilers  one  of  the  most  frequent, 
most  annoying,  and  at  the  same  time  most  ex- 
pensive accidents  (?)  is  the  collapse  of  the 
furnaces.  Those  interested  may  possibly  be 
pleased  to  learn  that  extensive  experiments  have 
recently  been  made  by  M.  Hirsch  on  the  causes 
which  lead  to  the  burning  out  of  furnace  plates, 
and  as  a  result  he  confirms  the  fact,  long  known 
to  experts,  that  under  some  conditions  oil  in  the 
interior  of  the  boiler  is  highly  dangerous.  The 
interior  of  a  boiler  to  be  examined  was  painted 
with  oil  before  being  filled  with  water  and  firing 
in  the  usual  way,  and  it  was  found  that  some 
oils  so  diminished  the  eflSciency  of  contact  be- 
tween the  water  and  the  plates  that  in  one  case 
the  furnace  plates  rose  to  a  temperature  exceed- 
ing 680°,  or  the  melting  point  of  zinc,  when 
only  evaporating  35  lbs.  of  water  per  square  foot 
of  grate  surface. ' ' 

The  combustion  chamber  should  be  larger 
where  bituminous  coal  is  used. 

In  piping  boilers  avoid  too  rigid  connections, 
and  thus  prevent  leakage  and  accidents. 

The  transverse  strain  in  a  cylinder  boiler  is 
double  the  longitudinal  strain,  and  in  a  tubular 
boiler  a  much  larger  ratio  exists,  because  of  the 
support  given  the  heads  by  the  tubes. 

The  smallest  point  in  a  suction  pipe  is  prac- 
tically the  measure  of  ability  of  the  whole;  hence 
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where  a  foot  valve  is  used,  care  should  be  taken 
that  it  has  as  large  an  opening  as  the  pipe  itself. 
In  careful  engine  tests  a  counter  can  be  set 
up  and  connected  with  the  reducing  motion  and 
the  speed  of  the  engine  thus  noted.  The  read- 
ing can  be  divided  by  the  exact  length  of  test 
and  an  accurate  average  thus  obtained. 

INCRUSTATION  OF  STEAM  BOILERS. 

One  of  the  greatest  difficulties  to  be  contended 
against  in  steam  engineering  is  the  incrustation 
of  the  boiler  walls,  arising  from  impure  water. 
This  crust  is  a  poor  conductor  of  heat,  and 
causes  increased  fuel  consumption,  as  well  as  the 
oxidizing  or  **  burning"  of  the  plates,  owing  to 
their  increased  temperature.  A  plate  of  iron 
37^  inches  thick  conducts  heat  as  well  as  a 
'* crust"  of  one  inch.  A  boiler  bearing  scale 
only  iV  inch  thick  requires  15  per  cent  more 
fuel,  with  %  inch  60  per  cent,  more,  J^  inch  150 
per  cent  more.  If  the  plates  be  clean,  90 
pounds  of  steam  require  a  plate  temperature  of 
only  325°  F.,  that  is,  about  5°  above  the  steam 
temperature.  But  if  there  be  a  ^  inch  scale  or 
crust,  the  plate  must  be  heated  to  about  700°,  or 
nearly  '*low  red"  heat.  Now,  above  600®  iron 
soon  gets  granular  and  brittle,  hence,  such  a 
scale  is  dangerous  in  its  results.  Crust  also  re- 
tards the  circulation  of  the  water.  Two  very 
common  ingredients  in  boiler  scale  are  carbonate 
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of  lime  and  sulphate  of  lime,  or  gypsum.  The 
moderate  use  of  soda  ash  (say  one  part  in  5,000 
of  water)  holds  this  deposit  in  check,  by  pro- 
ducing from  the  principal  ingredient  a  neutral 
carbonate  of  lime,  which  will  not  adhere  to  the 
plates,  when  thus  rapidly  formed.  Soda  ash,  if 
used  in  excess,  boils  up  and  passes  into  the  cyl- 
inders and  pumps,  clogging  up  valves  and  pis- 
tons by  combining  with  the  lubricants.  If  the 
gauge-glasses  become  muddy,  too  much  soda 
water  is  used.  It  is  much  better  to  supply  the 
boilers  with  pure  water  that  can  deposit  no  scale, 
this  being  done  by  means  of  filters  and  heaters, 
or  by  surface-condensers,  and  being  especially 
advisable  with  sectional  and  water  tube  boilers. 

ANALYSIS  OF  BOILER  INCRUSTATION. 

BY  DR.   WAI,I,ACE. 

Carbonate  of  lime 64.98 

Sulphate  of  lime 9.33 

Magnesia.  ...    «...    • •  .   .   .  6.93 

Combined  water 3.15 

Chloride  of  sodium •  .   .  .23 

Oxide  of  iron 1.36 

Phosphate  of  lime  of  alumina 3.72 

Silica 6.60 

Organic  matter 1.60 

Moisture  at  212®  F., 2.10 

100. 
HOW  TO  PREVENT  ACCIDENTS  TO  BOILERS. 

1st.  Carry  regular  steam  pressure. 

ad.  Start    the  engine  slowly,  so  as  not    to 


) 


VALUABLE  INFORMATION.  3^3 

make  a  violent  change  in  the  condition  of  the 
water  and  steam,  and  when  consistent  stop  the 
engine  gradually. 

3d.  Carry  sufficient  water  in  the  boiler. 

4th.  Do  not  exceed  the  pressure  in  lbs.  pey 
square  inch  allowed  to  be  carried. 

5th.  See  that  every  appliance  of  the  boiler — 
feed  pipes  and  safety-valve,  fusible  plugs,  etc. — 
are  in  complete  working  order. 

WEIGHT  OF  DIFFERENT  SUBSTANCES. 

The  following  table  shows  the  weight  in 
pounds  of  a  cubic  foot  of  various  common  sub- 
stances. From  this  table  we  can  calculate  the 
weight  of  any  mass  of  any  substance  in  the 
table,  by  first  ascertaining  by  measurement  and 
calculation  how  many  cubic  feet  there  are  in  the 
mass,  and  multiplying  the  result  by  the  weight 
of  a  cubic  foot  of  the  substance: 

SUBSTANCE.  SbkfoSt" 

Cast  iron 450.5 

Wrought  iron  bar 486.6 

Soft  steel 489.8 

Common  brass 537*7 

Wrought  copper 555. 

Cast  lead 709. 

Cast  zinc 428.8 

Tin 456. 

Mercury,  at  60° 848.75 

Gold 1013. 

Silver 551. 
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SDBSXANCS.  ^bSffoSf 

Antimony 422. 

Aluminium 160. 

Platinum 1296. 

WOODS. 

Oak 55. 

Ash 53. 

Cork  •  • 15. 

Cedar 35. 

Chestnut 38. 

Hickory 45. 

Lignum-vitae 33« 

Mahogany 5a 

Pine,  yellow 34. 

Spruce 31. 

Walnut 31. 

Willow 30. 

MISCEI^I^ANKO  US. 

Air 00.075 

Brick 102. 

Coal,  soft 80. 

Coke 62. 

Pressed  cotton 22. 

Gutta-percha 61. 

Ice,  at  32° 57.5 

Moist  sand % 128. 

Common  earth  ...       137. 

Gravel 126. 

Glass,  window 165. 

Granite 165. 

Grindstone 133. 

Marble 169. 

Millstone 155. 

Mud loi. 
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SOTSTANCB.    .  ^^JS?r 

UQXTIDS. 

Alcohol 50. 

Milk 64. 

Petroleum  oil 55. 

Water,  rain 62.5 

Water,  Dead  Sea 77.5 


STRENGTH  OF  SUBSTANCES. 

The  following  table  shows  the  breaking 
strength  of,  or  power  in  pounds  required  to  pull 
apart  a  bar  one  inch  square  of  various  common 
substances.  The  strength  of  any  piece  of  sub- 
stance shown  in  the  table  can  be  found  by  meas- 
uring or  calculating  the  number  of  square  inches 
area  of  the  piece  and  multiplying  the  result  by 
the  breaking  strength  of  one  square  inch,  as 
shown  in  the  table: 

SUBSTANCE.  POUNDS. 

i                     Wrought  copper 34,ooo 

Copper  wire   . 61,200 

Cast  iron — American 31,800 

Cast  iron — English 19,500 

Iron  wire 103,000 

English  bar 56,000 

Boilerplate 50,000 

Cast  lead 1,800 

Platinum  wire 53,ooo 

Cast  silver 40,000 

Bar  cast  steel 88,000 

Shear  steel 124,000 

Cast  tin 5,000 

Zinc,  cast 3,500 
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SUBSTANCB.  POT7NDS. 

Hydraulic  cement 234 

Glass 2,350 

Gutta-percha •  3,500 

Ivory 16,000 

Leather  belts *  *   .  330 

White  marble 9,ooo 

Mortar,  good 60 

Manila  rope 9,000 

Hemp  rope 15,000 

Wire  rope  . 37,ooo 

Stone 350 

Gold 40,000 

Brass 42,000 

Bronze,  best 56,800 

Oak 10,000 

Boxwood 20,000 

Beech 19 

Maple r 44 

Yellow  pine 14 

Cedar 13 

White  pine 11 

Hemlock 8 

Cork 5 

HARDNESS  OF  SUBSTANCES. 

It  is,  of  course,  impossible  to  speak  of  hardness 
in  pounds,  or  square  feet,  or  anything  of  that 
kind.  We  can  only  compare  the  hardness  of  one 
substance  with  the  hardness  of  another  sub- 
stance. Thus,  we  can  say  that  chalk  is  half  as 
hard  as  gold.  It  is  best  to  take  some  one  sub- 
stance as  a  standard  and  compare  other  sub- 
stances with  it  Taking  Ormuz  diamond  as  the 
standard,  we  find  cork  to  be  one-twentieth  as 
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hard.  For  convenience  it  is  best  to  give  the 
standard  a  value  of  one  hundred,  and  express  the 
hardness  of  other  substances  in  hundredths  of 
the  standard.  The  following  table  shows  the 
relative  hardness  of  various  substances,  Ormuz 
diamond  being  taken  as  a  standard: 

SUBSTANCB.  HARDNBSS. 

Ormuz  diamond 100 

Agate 71 

Quartz 70 

Ruby 64 

Granite 22 

Chalk 15 

Hard  steel 65 

Unhardened  steel 40 

Cast  iron •  3^ 

Wrought  iron 37 

Platinum 47 

Common  brass 32 

Hammered  gold 30 

Hammered  copper .* 34 

Hammered  silver 32 

Zinc 26 

Aluminium •   •   • 24 

Tin 24 

Babbitt  metal 20 

Cast  lead 15 

Ebony 24 

Boxwood 22 

Oak,  hard 22 

SHRINKAGE  OF  CASTINGS. 

In  steam  cylinders,  rv  inch  in  a  foot 
Pipes,  j^  inch  in  a  foot. 

29 
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Girders,  beams,  etc.,  }i  inch  in  15  inches. 

Engine  beams,  connecting  rods,  etc.,  J^  inch 
in  16  inches. 

I/arge  cylinders,  say  70  inches  diameter,  10 
feet  stroke,  the  contraction  of  diameter,  }i  inch 
at  top. 

Ditto,  }4  inch  at  bottom. 

Ditto  in  length,  ^  inch  in  16  inches. 

Thin  brass,  }i  inch  in  8  inches. 

Thick  brass,  }i  inch  in  10  inches. 

Zinc,  A  inch  in  a  foot. 

Lead,  A  inch  in  a  foot 

Copper,  A  inch  in  a  foot. 

Bismnth,  A  inch  in  a  foot 

Tin,  jS^  inch  in  a  foot. 


CHAPTER  XXV. 

STEAM  YACHTS  AND  LAUNCHES- 

Hitherto  the  design  and  construction  of  a 
steam  yacht  has  been  carried  on  in  a  hap-hazard 
sort  of  way,  that  is  only  too  apparent  from  a 
casual  inspection  of  the  vessel  when  completed. 
One  firm  is  called  upon  to  whittle  out  a  model 
of  a  certain  length,  another  is  asked  to  build  the 
engine,  while  a  third  supplies  a  boiler  of  certain 
dimensions.  The  interior  fittings  are  supplied 
by  individuals,  perhaps  totally  unacquainted 
with  marine  work.  Each  individual  concerned 
may  be  competent  to  carry  out  his  own  particular 
part  of  the  work,  but  he  pays  but  little  attention 
to  any  other  portion,  and  the  result,  while  per- 
haps correct  in  detail,  is  decidedly  lacking  in 
harmony. 

The  first  requisite  is  speed,  and  accommoda- 
tion comes  next  in  the  scale.  The  former  can 
only  be  obtained  by  an  easy  model  and  great 
power,  while  the  latter  demands  close  attention 
to  the  utilization  of  space.  In  order  to  produce 
an  average  of  these  essentials,  the  engine  and 
boiler  must  be  as  small  as  possible,  while  at  the 
same  time  capable  of  exerting  great  power, 
and  so  designed  as  to  be  free  from  vexatious 

(339) 
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break-downs  under  continuous  work.  The  con- 
sumption of  fuel  should  be  reduced  to  a  minimum 
in  order  to  economize  space,  and  to  avoid  the  in- 
convenience of  frequent  coaling. 

In  addition  to  these  requisites  a  certain  amount 
of  beauty  is  necessary  in  order  to  harmonize  with 
the  purpose  for  which  the  vessel  is  to  be  used^ 
The  most  important  point  in  naval  design  is 
harmony  of  details^  and  this  can  only  be  attained 
by  the  influence  of  otie  competent  mind.  Errors 
in  steam  launches  resulting  from  incorrect  de- 
sign ate  of  comparatively  less  importance,  but 
in  steam  yachts,  where  the  amount  of  money 
involved  is  much  greater,  it  is  important  that 
the  design  should  be  correct 
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DIMENSIONS  OP  SMALI,  STEAM  YACHTS  AND  I<AUNCH£S.* 


Number. 

I 

2 

3 

4 

5 

6 

7 

length  of  Boat, 

over  all    .   .   . 

21 

25 

30 

33 

40 

45 

50 

Breadth  outside. 

5 

6 

7 

7K 

8 

8.6 

10 

Depth  amidship. 

2.4 

2.9 

3.0 

30 

30 

3.3 

4.6 

No.    of    persons 

will  carry  with 

comfort     and 

safety  .... 

9 

15 

25 

30 

35 

40 

60 

A.pprozimate 

speed,    miles 

per  hour  .   .   . 

7 

8 

-  9 

10 

io>i 

10 

ii)i 

Approximate 

consumption  of 
soft  coal  per  10 

9 

hours,  lbs.   .   . 

150 

250 

350 

400 

600 

750 

1,000 

Actual  Indicated 

Horse    Power, 

• 

with    100  .lbs. 

steam  pressure. 

yA 

8 

10 

I2>^ 

18 

24 

32>4 

Engine,      Diam- 

eter Cylinder. 

3 

4^ 

5 

6 

6 

7 

8 

Engine,    Length 

of  Stroke 

4 

5 

7 

8 

8 

8 

10 

No.    of   Revolu- 

tions per  min. 

300 

300 

275 

275 

250 

250 

200 

Vertical    Boiler, 

Diameter .  .   . 

22 

26 

30 

36 

40 

42 

48 

Vertical    Boiler, 

Height .... 

36 

48 

48 

50 

53 

58 

72 

Propeller  Wheel, 

Diameter.  .   . 

20 

24 

30 

36 

36 

38 

42 

Wheel  Shaft,  Di- 

ameter .... 

ix 

iH 

iH 

iH    iH 

2A 

2A 

*  Chas.  P.  Willard  &  Co.,  Chicago,  111. 


342     THE  AMERICAN  MARINE  ENGINEER. 

DIMENSIONS  FOR  A  SMAI«I«  STBRN  WHESX«  STEAMER.* 

Length  of  hull,  feet 33 

Length  of  boat,  feet  over  all 40 

Beam,  outside,  feet 8 

Depth,  feet . 3 

Draft,  inches <  16 

Number  of  persons  will  carry  with  comfort 30 

Approximate  speed,  miles  per  hoar 10 

Approximate  consumption  of  soft  coal  per  10  hours, 

pounds .  400 

Actual  Horse  Power  with  70  pounds  of  steam 10 

Engines — two  in  number — diameter  of  cylinder,  inches.  5 

Engines — ^two  in  number — stroke,  inches 20 

Vertical  boilers,  diameter,  inches 40 

Vertical  boiler,  height,  inches 53 

Diameter  of  stem-wheel,  feet 7 

♦Willard. 


CHAPTER  XXVI. 

MODERN    AMERICAN    MARINE    ENGINES    AND 

BOILERS,    DESIGNED   BY  THE    BUREAU   OF 

STEAM    ENGINEERING    U.    S.     NAVY 

DEPARTMENT — CHIEF  ENGINEER 

GEORGE  W.  MEI*VILI.E,  U.  S.  N., 

CHIEF  OF  BUREAU. 

Description  of  Machinery   Designed  by  the 
Bureau  for  New    Vessels. 

The  following  descriptions  have  been  pre- 
pared in  the  belief  that  they  will  be  of  general 
interest. 

Maine. 

The  propelling  engines  are  of  the  twin-screw, 
vertical,  triple-expansion  type  in  separate  water- 
tight compartments.  The  cylinders  are  35 >^, 
57,  and  88  inches  in  diameter,  by  36  inches 
stroke,  and  are  to  work  at  132  revolutions  per 
minute.  The  collective  I.  H.  P.  of  the  main 
and  the  air  and  circulating  pump  engines  at  full 
power  is  to  be  9,000. 

The  principle  of  interchangeability  of  parts, 
which  in  many  lines  of  manufacture  has  revo- 
lutionized modem  practice,  is  in  these  engines 
carried  out  to  the  fullest  extent. 

(343) 
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All  the  cylinders  have  piston-valves  of  the 
same  size — 22  inches  diameter — there  being  one 
for  the  H.  P.,  two  for  the  I.  P.,  and  three  for 
the  L.  P.  cylinder.  The  valves  for  each  cylinder 
are  worked  from  a  Stephenson  double-bar  link. 
The  cylinders  have  working  linings  of  hard 
cast-iron  and  are  steam-jacketed. 

The  H.  P.  and  L.  P.  cylinders  rest  upon 
hollow  cast  steel  columns,  and  the  I.  P.  cylinder 
upon  straight  columns  in  front  and  inverted  Y 
columns  at  the  back.     The  columns  are  finnly 

« 

bolted  to  the  cylinders,  to  the  cast-steel  bed 
plate,  and  to  each  other.  The  crank  shafts  are 
of  forged  steel,  13  inches  external  diameter  at 
the  journals,  with  axial  holes  4  inches  in  diame- 
ter through  shafts  and  crank  pins,  which  latter 
are  14  inches  diameter.  Each  shaft  is  in  three 
sections  which  are  interchangeable.  The  thrust 
shafts  are  12^  inches  diameter,  with  6-inch 
axial  holes,  and  the  propeller  shafts  13^  inches 
with  6}i  and  6-inch  axial  holes. 

The  condensers  are  cylindrical  and  of  compo- 
sition, A  inch  thick.  They  are  6  feet  5^  inches 
in  internal  diameter,  and  the  tubes  8  feet  4  inches 
long,  with  a  condensing  surface  in  each  con- 
denser of  7,010  square  feet.  Each  circulating 
pump  is  centrifugal,  has  a  capacity  of  8,000 
gallons  per  minute,  and  is  fitted  with  a  bilge 
connection  for  use  as  a  wrecking-pump.  For 
each  condenser  there  are  two  double-acting  hori- 
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zontal  air-pumps,  iy}4  inches  diameter  and  18 
inches  stroke,  driven  by  a  vertical  compound 
engine.  The  air-pump  connecting  rods  take 
hold  of  the  same  crank-pins  as  the  engine  con- 
necting rods.  A  valve  is  fitted  in  each  L-  P. 
exhaust  pipe,  so  as  to  shut  off*  the  communica- 
tion with  the  condenser  and  permit  it  to  be  used 
for  auxiliary  purposes  when  the  main  engines 
are  stopped. 

There  are  eight  single-ended  boilers  of  the 
ordinary  return  tubular  type,  14  feet  8  inches 
diameter  and  10  feet  long,  designed  for  a  work- 
ing pressure  of  135  pounds.  The  shell  plates 
are  of  mild  steel,  i  A  inches  thick.  Each  boiler 
has  three  corrugated  steel  furnaces  42  inches 
diameter,  and  519  steel  tubes  2}(  inches  in  ex- 
ternal diameter  and  6  feet  7  inches  long.  There 
are  118  stay  tubes  and  401  plain  tubes  in  each 
boiler.  The  ordinary  tubes  are  No.  12  and  the 
stay  tubes  No.  6  B.  W.  G.  thick.  The  total 
grate-surface  is  553  square  feet,  and  the  total 
heating  surface  about  18,800  square  feet.  The 
boilers  are  in  two  separate  water-tight  compart- 
ments with  fore  and  aft  fire  rooms.  There  are 
two  fixed  smoke-pipes  about  60  feet  in  height 
above  lower  grates.  The  forced  draft  is  on  the 
closed  ash-pit  system,  the  air  being  led  into  the 
ash-pits  by  ducts  under  the  fire-room  floors. 
The  blowers  are  driven  by  inclosed  three-cylin- 
der engines,  and  are  arranged  to  draw  the  air 
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from  the  engine  and  fire-rooms  so  as  to  give 
thorough  ventilation. 

The  main  and  auxiliary  feed  systems  are 
duplicates  as  to  pumps,  piping,  and  valves,  ex- 
cept that  the  main  feed-pump  can  ditiw  water 
only  from  the  feed-tanks,  while  the  auxiliary 
feed-pumps  can  also  draw  from  the  sea.  Pro- 
vision is  made  for  heating  the  feed- water. 

Evaporators  are  fitted  for  furnishing  the  steam 
for  the  distillers  and  for  replenishing  the  fresh 
water  lost  in  ordinary  running.  Connections 
are  fitted  from  the  evaporator  to  the  auxiliary 
exhaust  mains,  so  that  the  steam  can  go  direct 
to  the  condensers.  The  distilling  plant  has  a 
capacity  of  5,000  gallons  of  potable  water  per 
day  at  a  temperature  of  not  over  90°,  but  when 
the  evaporators  are  used  for  supplying  losses  the 
capacity  is  greatly  increased.  Spare  coils  are 
supplied  for  the  evaporators,  so  that  clean  ones 
can  be  inserted  when  necessary  to  remove  the 
scale  from  those  which  have  been  in  use. 

The  auxiliary  machinery  includes  reversing 
and  turning  engines,  fire,  bilge,  drainage  and 
flushing  pumps,  ash-hoists,  workshop  tools,  etc. 

A  special  feature  of  the  propelling  engines  of 
this  ship  is  the  arrangement  for  disconnecting 
the  low-pressure  cylinder  when  cruising  at  low 
speeds.  These  are  placed  forward  and  provision 
is  made  for  readily  disconnecting  their  crank- 
shafts.    This  reduces   each    engine  to  a  two- 
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cylinder  compound  which  can  work  up  nearly 
to  its  full  power,  thus  giving  an  increased 
economy  over  the  triple-expansion  engine  at 
very  low  powers.  A  special  exhaust  leads  from 
the  intermediate  cylinder  to  the  condenser  for 
use  in  such  cases. 

The  propellers  are  to  be  of  manganese  or 
aluminum  bronze,  three  bladed  and  about  15 
feet  diameter. 

Besides  the  steam  machinery  there  is  also  a 
complete  hydraulic  plant  for  operating  the  tur- 
rets, loading  and  turning  the  guns,  etc.  The 
working  pressure  is  600  pounds  per  square  inch. 

Monadnock. 

The  machinery  now  building  at  the  Mare 
Island  navy-yard  for  this  vessel  consists  of  twin- 
screw,  horizontal,  direct-acting,  triple-expansion 
engines  designed  to  develop  with  the  air  and  cir- 
culating pumps  about  3,000  I.  H.  P.  when 
making  150  revolutions  per  minute  with  steam 
of  160  pounds  pressure. 

The  engines  are  entirely  independent  and  in 
separate  water-tight  compartments.  The  H.  P. 
cylinder  is  aft  in  the  forward  compartment  and 
forward  in  the  after  compartment.  Th«  forward 
engine  drives  the  port  propeller. 

The  cylinders  are  19^,  2P}ii  and  52^  inches 
diameter  by  30  inches  stroke.  The  main  valves 
are  of  the  piston  type  worked  by  double  bar 
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links,  there  being  one  of  ii  inches  diameter 
for  the  H.  P.  cylinder,  and  one  of  15  inches 
diameter  for  the  I.  P.  cylinder,  and  two  of  15 
inches  diameter  for  the  L.  P.  cylinder,  those  for 
the  I.  P.  and  ly.  P.  cylinders  being  interchange- 
able. 

The  cylinders  are  tied  to  the  crank-shaft 
pillow-blocks  by  forged  steel  tie-rods  and  the 
cast-iron  cross-head  guides.  The  latter  are  of 
the  bar  type,  hollow,  and  provided  with  water 
circulation.  The  craft-shafts  are  of  forged  steel 
in  three  interchangeable  sections.  They  are  9 
inches  diameter  at  the  journals  and  g)4  inches 
for  the  crank-pins,  with  3-inch  axial  holes. 
The  cranks  are  at  angles  of  120°.  The  line 
shafts  are  of  forged  steel  8}4  inches  diameter, 
with  4^-inch  axial  holes.  The  thrust  shafts 
are  9  inches  diameter,  with  4J^-inch  axial  holes. 
The  old  propeller  shafts  of  wrought  iron  are  in 
the  vessel  and  will  be  used. 
.  A  combined  steam  and  hydraulic  reversing 
gear,  steam  starting  valves,  and  steam  turning 
engines  are  fitted. 

The  condensers  are  cylindrical,  of  sheet-brass 
and  composition,  with  2,485  square  feet  of  cool- 
ing surface  in  each.  A  valve  is  fitted  in  each 
low-pressure  exhaust-pipe,  so  as  to  shut  off  the 
cylinder  when  the  main  engines  are  stopped  and 
the  condenser  used  for  auxiliary  purposes. 
Centrifugal     circulating-pumps,    each    with    a 
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capacity  of  3,000  gallons  per  minute  when  used 
for  wrecking  purposes,  are  supplied,  one  for 
each  condenser.  Each  condenser  has  two  verti- 
cal single-acting  air-pumps  with  cylinders  13  j^ 
inches  diameter  by  12  inches  stroke,  driven  by  a 
compound  engine,  the  steam  and  pump  pistons 
being  on  the  same  piston-rods.  A  connecting 
rod  drives  a  shaft  with  fly-wheel  in  the  center. 
This  makes  a  very  neat  and  compact  arrange- 
ment. 

There  will  be  four  boilers  of  the  ordinary 
cylindrical  type,  12  feet  2  inches  diameter  and 
10  feet  I  inch  long,  each  having  two  46-inch 
corrugated  furnaces.  The  total  grate  surface  is 
200  square  feet  and  the  total  heating  surface 
6,242  square  feet.  The  boiler  shells  are  of  mild 
steel  I  A  inches  thick.  The  size,  material,  and 
spacing  of  tubes  is  the  same  as  in  the  Maine^s 
boilers.  The  ends  of  the  stay  tubes  in  the  com- 
bustion chambers  are  protected  by  cast-iron 
ferrules,  and  those  of  the  plain  tubes  by  cast- 
iron  rings  or  washers.  The  closed  ash-pit  sys- 
tem of  forced  draft  will  be  used,  the  blowers 
being  driven  by  inclosed  multiple  cylinder  en- 
gines. The  boilers  are  placed  in  two  separate 
water-tight  compartments,  with  fore  and  aft  fire- 
rooms. 

The  feed  systems  are  like  those  of  the  Maine^ 
but  instead  of  hydrokineters  for  circulating  the 
water  while  raising  steam,  connections  are  made 

30 
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from  the  bottom  blow-pipes  to  the  auxiliary 
feed-pump,  so  that  this  pump  can  be  used  for 
the  purpose.  Provision  is  made  for  heating  the 
feed-water. 

Evaporators  with  a  capacity  of  3,000  gallons 
of  potable  water  per  day  are  to  be  fitted  with 
connections  to  the  auxiliary  exhaust  mains  for 
supplying  the  loss  of  fresh  water. 

There  will  be  the  usual  auxiliary  machinery 
and  tools  in  workshop. 

Armored  Coast-Defense  Vessel. 

Twin-screw  vertical  triple  expansion  engines 
of  5,400  I.  H.  P.  have  been  designed  for  this 
vessel. 

The  revolutions  will  be  150  per  minute  and 
the  steam  pressure  160  pounds.  The  cylinders 
are  27,  41,  and  64  inches  diameter  and  30  inches 
stroke.  In  their  general  features  these  engines 
resemble  those  of  the  Maine^  except  the  pro- 
vision for  disconnecting  the  L.  P.  cylinder. 
The  H.  P.  cylinder  is  forward  in  each  engine. 
The  H.  P.  has  one  piston-valve  14  inches  in 
diameter,  the  I.  P.  two  of  14  inches,  and  the 
L.  P.  two  of  20  inches,  all  worked  by  Stephen- 
son double-bar  links.  The  cylinders  are  sup- 
ported by  cast-steel  inverted  Y  frames  secured 
to  cast-steel  bed-plates. 

The  crank-shaft  is  of  forged  steel,  in  three 
interchangeable  sections,  with  4-inch  axial  holes 
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through  shafts  and  crank-pins.  The  journals 
and  crank-pins  are  11  inches  diameter.  The 
line,  thrust,  and  propeller  shafts  will  be  10 
inches  diameter,  with  a  4-inch  axial  hole. 

The  screw  propellers  will  be  of  manganese  or 
aluminum  bronze,  three-bladed  and  about  10 
feet  6  inches  diameter.  The  starboard  one  will 
be  right,  and  the  port  left  handed. 

The  condensers  will  be  cylindrical,  of  com- 
position, with  about  3,850  square  feet  of  cooling 
surface  in  each.  The  circulating-pumps  will  be 
centrifugal,  with  a  capacity  of  5,000  gallons  per 
minute  each  and  connections  for  working  as 
wrecking-pumps.  Each  '  condenser  will  have 
two  vertical  single-acting  air-pumps,  14^ 
inches  diameter  by  15  inches  stroke,  driven  by 
a  compound  engine  w:ith  a  fly-wheel  at  each  end 
of  shaft.  A  valve  is  provided  in  the  exhaust- 
pipe  from  each  ly.  P.  cylinder,  so  as  to  shut  off 
the  connection  to  the  condenser  and  permit  it  to 
be  Used  as  an  auxiliary  condenser  when  the 
main  engines  are  stopped. 

The  engines  are  fitted  with  starting- valves,  a 
steam-actuated  throttle,  and  a  combined  steam 
and  hydraulic  reversing-gear,  so  that  they  can 
be  handled  with  ease. 

The  usual  auxiliary  engines  are  fitted. 

In  this  ship  it  was  desirable  that  the  weight 
of  machinery  should  be  reduced  to  the  lowest 
limit.     The  engines  having  been  made  as  light 
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as  possible,  the  only  room  for  reduction  was  in 
the  boilers.  The  Bureau  therefore  decided, 
after  mature  consideration,  to  advise  that  about 
three-fourths  of  the  boiler-power  should  be  put 
in  the  form  of  coil  or  tubulous  boilers.  The 
advantage  of  these  boilers  in  point  of  lightness 
and  rapidity  of  raising  steam  has  long  been  ap- 
preciated, but  a  distrust  of  their  durability  and 
proper  functioning  when  arranged  in  group  has 
existed.  While  there  are  sufficient  grounds 
for  this  feeling  in  the  case  of  many  boilers  of 
this  type,  the  Bureau  is  satisfied  that  there  are 
some  which  will  work  well,  and,  as  stated  else- 
where, this  will  soon  be  determined  by  the 
Board  on  Coil  Boilers. 

The  service  which  this  vessel  is  to  perform, 
coast  defense,  makes  boilers  of  this  type  espe- 
cially useful.  Ordinarily  she  will  be  at  anchor 
or  under  easy  steam,  the  two  cylindrical  boilers 
which  are  to  be  fitted  giving  steam  for  ten  knots 
speed.  The  emergency  power  in  the  coil 
boilers  will  enable  steam  to  be  raised  in  less 
than  half  an  hour,  in  sufficient  quantity  to  give 
seventeen  knots. 

If,  as  the  Bureau  anticipates,  these  boilers 
give  entire  satisfaction  in  practice,  we  shall  be 
able  to  reduce  the  boiler  weights  for  future  ships 
almost  one-half. 

The  two  cylindrical  boilers  which  are  to  be 
fitted  are  to  work  at  i6o  pounds,  and  are  ii  feet 
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2  inches  diameter  by  about  10  feet  7  inches 
long,  the  shell-plates  being  of  mild  steel  II  inch 
thick.  There  will  be  two  corrugated  flirnaces 
in  each  boiler,  42  inches  diameter.  Each  boiler 
will  have  about  44  square  feet  of  grate  surface 
and  about  1,420  square  feet  of  heating  surface. 
The  material,  size  and  arrangement  of  tubes  is 
the  same  as  already  described  for  the  Maine  and 
the  Monadnock. 

As  in  the  other  vessels,  evaporators  will  be 
fitted  for  supplying  the  distillers  and  replacing 
losses  of  fresh  water.  The  evaporators  are  to 
have  a  capacity  sufficient  to  supply  in  twenty- 
four  hours  the  water  necessary  to  fill  the  coil 
boilers. 

Provision  is  made  for  heating  the  feed-water. 
The  feed  systems  are  the  same  as  in  the  other 
vessels. 

Cruisers  7  and  8^  0/  j^ooo  Tons  Displacement. 

These  vessels  are  designed  for  a  very  high 
speed,  and  in  consequence  very  powerful  en- 
gines are  needed  to  secure  it  They  are  to  be 
twin-screw,  vertical,  triple  expansion  engines  of 
10,000  I.  H.  P.  at  full  power,  when  making  164 
revolutions  with  160  pounds  pressure.  The 
cylinders  are  36,  53,  and  two  of  57  inches  diame- 
ter, by  33  inches  stroke.  Two  low-pressure 
cylinders  are  fitted,  because  of  the  limited  space 
athwartship,  which  would  not  have  permitted  a 
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good  arrangement  with  a  single  large  cylinder. 
Each  engine  is  in  a  separate  water-tight  com- 
partment. The  piston-valves  are  all  20  inches 
diameter,  there  being  one  for  each  H.  P.  cylin- 
der, two  for  each  I.  P.  cylinder,  and  two  for 
each  L.  P.  cylinder.  They  are  all  worked  from 
Stephenson  double-bar  links.  Provision  is  made 
in  these  engines,  as  in  all  the  Bureau's  recent 
designs,  for  adjusting  the  point  of  cut-oflF  for 
each  cylinder  independently  of  the  others,  by 
making  the  attachment  of  the  suspension-rod  of 
the  link  to  the  arm  on  reversing-shaft  adjustable. 
The  crank-shafts  are  in  three  sections,  the  two 
forward  ones  being  interchangeable  and  the 
after  ones  reversible.  The  two  L.  P.  cranks  are 
placed  opposite  each  other,  as  are  the  H.  P.  and 
J.  P.  cranks,  the  plane  of  these  two  being  at 
right  angles  to  that  of  the  two  L.  P.  cranks. 
The  journals  are  13^^  inches  diameter,  and  the 
crank-pins  14^^  inches  diameter,  all  with  6-inch 
axial  holes.  The  thrust  shafts  will  be  13  inches 
diameter  with  6^-inch  axial  holes,  and  the 
propeller-shafts  1^%  inches  diameter  with  6y^ 
and  6-inch  axial  holes.  The  ptopellers  will  be 
three-bladed,  of  manganese  bronze,  or  equivalent 
metal,  and  about  14  feet  6  inches  diameter. 

The  condensers  will  be  cylindrical,  of  compo- 
sition, 5  feet  8  inches  diameter,  and  the  tubes 
II  feet  6  inches  long,  each  having  a  cooling 
surface  of  about  6,990  square  feet.     A  valve  is 
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fitted  in  the  exhaust-pipes  from  L.  P.  cylinders 
to  shut  them  off  when  the  condenser  is  used  for 
auxiliary  purposes.  Each  centrifugal  circulating 
pump  will  have  a  capacity  of  9,000  gallons  per 
minute  when  pumping  from  the  bilge.  There 
will  be  two  vertical  single-acting  air-pumps  for 
each  condenser,  18^  inches  diameter  and  i6}4 
inches  stroke,  worked  by  a  compound  engine. 

There  will  be  steam  starting-valves,  steam- 
actuated  throttle-valves,  steam  and  hydraulic 
reversing-engine,  turning-engine,  workshop  ma- 
chinery, and  the  usual  auxiliaries. 

There  will  be  four  double-end  and  two  single- 
end  boilers  of  the  usual  return  tubular  type,  all 
built  of  mild  steel.  Two  of  the  double-end 
boilers  will  be  13  feet  4  inches  diameter,  and 
two  14  feet  6}4  inches  diameter,  all  20  feet  3^ 
inches  long.  The  single-end  boilers  will  be  1 1 
feet  6  inches  diameter  by  g  feet  loj^  inches 
long.  The  shell-plates  will  be  lA  inches,  ij} 
inches,  and  J}  of  an  inch,  respectively.  The 
double-end  boilers  will  each  have  six  corrugated 
furnaces  44  inches  diameter  for  the  large,  and 
40  inches  diameter  for  the  small  oneS.  The 
single-end  boilers  will  each  have  two  corrugated 
furnaces  43  inches  diameter.  The  total  grate 
surface  is  607  square  feet,  and  the  total  heating 
surface  20,167  square  feet. 

The  size,  material,  and  spacing  of  tubes  are 
the  same  as  for  the  Maine* s  boilers.  The  feed 
systems  are  also  like  those  of  that  ship. 
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The  same  arrangement  of  the  evaporators  for 
the  various  purposes  exists  as  in  the  other  ships, 
the  capacity  being  5,000  gallons  of  potable  water 
per  day. 

Cruisers  p,  lo  and  11  ^  0/2^000  Tans  Displace- 

menL 

The  machinery  for  these  vessels  is,  in  its  gen- 
eral features,  a  reduced  copy  of  that  for  the 
3,oocvton  vessels,  but  each  main  engine  has 
only  one  L.  P.  cylinder.  The  dimensions  are 
as  follows:  Cylinders,  26^,  39,  and  63  inches 
diameter  by  26  inches  stroke.  I.  H.  P.  of  main 
engines  and  air  and  circulating  pumps  at  full 
power,  5,400,  with  185  revolutions  and  160 
pounds  pressure. 

The  piston-valves  are  one  for  the  H.  P.  cyl- 
inder 14  inches  diameter,  one  for  I.  P.  cylinder 
14  inches  diameter,  and  two  for  L.  P.  cylinder 
20  inches  diameter. 

The  journals  and  pins  of  crank-shaft  are  10 
inches  diameter  with  a  5-inch  axial  hole.  The 
three  sections  are  interchangeable,  and  the 
cranks  are  set  120°  apart  The  line  and  thrust 
shafts  are  9^  inches  diameter  with  a  5-inch 
axial  hole,  and  the  propeller-shafts  are  10^ 
inches  with  a  6-inch  axial  hole. 

The  propellers  will  be  four-bladed,  about  11 
feet  diameter,  and  of  manganese  bronze  or 
equivalent  metal. 
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The  condensers  have  each  a  cooling  surface  of 
about  3,957  square  feet 

The  centrifugal  circulating-pumps  have  each 
a  capacity,  when  pumping  from  the  bilge,  of 
5,500  gallons  per  minute. 

The  air-pumps  are  of  the  same  type  as  for 
the  3, 000- ton  cruisers,  and  have  a  diameter  of 
14}  inches  and  a  stroke  of  15  inches. 

There  are  to  be  three  double-end  and  two 
single-end  boilers  of  the  ordinary  cylindrical 
type,  all  11  feet  8  inches  diameter.  The  for- 
ward double-end  boilers  are  18  feet  8}4  inches 
long,  the  after  double-end  boiler  is  18  feet  i  inch 
long,  and  the  single-end  boilers  about  9  feet 
long.  The  shell-plates  are  i^i  inches  thick. 
The  total  grate  surface  is  about  336  square  feet, 
and  the  total  heating  surface  10,966  square  feet. 

The.  forced  draft  is  on  the  closed  ash-pit 
system. 

Armored  Cruising  Monitor. 

The  engines  for  this  vessel  are  of  the  same 
general  type  as  those  for  the  coast  defense  vessel. 
They  are  twin-screw  vertical  triple-expansion 
engines  in  separate  water-tight  compartments. 
The  cylinders  are  31 J4^,  46,  and  70  inches  diame- 
ter, by  36  inches  stroke.  The  I.  H.  P.  of  the 
main  engines  and  air  and  circulating  pumps  is 
to  be  7,500  at  150  revolutions  per  minute  and 
160  pounds  working  pressure. 
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The  piston-valves  worked  from  Stephenson 
double  bar  links  will  have  the  following  diame- 
ters: H.  P.  one  of  15  inches;  I.  P.  two  of  15 
inches;  L.  P.  three  of  20  inches.  The  valves 
and  valve  gear  of  the  H.  P.  and  I.  P.  cylinders 
are  to  be  interchangeable.  The  crank-shaft 
journals  will  be  I2j^  inches  diameter,  and  the 
crank-pins  13  inches  diameter  with  6-inch  axial 
holes.  As  in  the  coast  defense  vessel^  the  sec- 
tions of  the  shaft  are  interchangeable  and  the 
cranks  at  120°.  The  line,  thrust,,  and  propeller 
shafts  will  be  about  12^  inches  diameter  with 
6-inch  axial  holes. 

The  condensers  will  have  about  5,237  square 
feet  of  cooling  surface  in  each.  The  centrifugal 
circulating  pumps  are  to  have  a  capacity  as 
wrecking  pumps  of  about  7,000  gallons  each. 
The  two  air-pumps  for  each  condenser  will  be 
16  inches  diameter  by  16  inches  stroke. 

There  will  be  eight  single-ended  cylindrical 
boilers,  12  feet  6  inches  diameter  and  10  feet  11 
inches  long,  each  having  three-corrugated  fur- 
naces 36  inches  diameter.  The  total  grate  sur- 
face is  about  444  square  feet,  and  the  total 
heating  surface  15,050  square  feet. 

The  boiler  shells  are  lyV  inch  thick. 

The  forced  draft  is  on  the  closed  ash-pit  sys- 
tem. 


Fig.  73.— TR1PI.B  Expansion  Engines  of  New  U.  S.  Cri 

Geo.  W.  Melville,  U.  S.  Navy,  Chief  of  Bubea 
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Cruisers  12  and  /j*  0/  i^ooo  Tons^  and  Naval 
Academy  Practice  Vessel. 

The  machinery  of  these  vessels  is  similar  in 
all  details.  They  will  be  propelled  by  twin- 
screw,  vertical,  triple-expansion  engines,  placed 
in  a  common  water-tight  compartment  The 
two  sets  of  engines  are  independent,  except  that 
there  is  only  one  condenser  for  both.  An  auxil- 
iary condenser  with  a  capacity  equal  to  all  the 
auxiliary  machinery,  except  the  main  air  and 
circulating  pumps,  is  to  be  supplied.  This  will 
have  an  independent,  combined  air  and  circulat- 
ing pump.  The  main  condenser  will  have  air- 
pumps  and  £1  circulating  pump  similiar  in  gen- 
eral  features  to  those  for  the  Monadnock. 

The  valves  for  the  H.  P.  and  I.  P.  cylinders 
will  be  plug  pistons  grooved,  one  for  the  H.  P. 
and  two  of  the  same  size  for  the  I.  P.,  while  the 
L.  P.  cylinders  will  have  double  ported  slide 
valves,  all  worked  by  Stephenson  double-bar 
links. 

The  boilers  will  be  of  the  low  cylindrical 
type,  all  in  one  water-tight  compartment 

Evaporators,  distillers,  auxiliary  machinery, 
etc.,  are  provided  as  in  the  larger  ships.  Provi- 
sion is  made  for  heating  the  feed  water. 

The  following  are  the  dimensions  of  the 
machinery:   For  cruisers  12  and  13,  cylinders, 

*See  drawings.    Figs.  73,  74,  75,  76. 
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15^,  22 j^,  and  35  inches  diameter  by  24  inches 
stroke.  I.  H.  P.  1,600  at  200  revolutions  per 
minute  and  160  pounds  working  pressure.  Pis- 
ton-valves for  H.  P*  and  I.  P.  cylinders,  7^ 
inches  diameter.  Diameter  of  crank-shaft  jour- 
nals and  crank-pins,  7  inches,  with  3^-inch 
axial  holes.  Cranks  at  120°,  and  sections  of 
shafts  interchangeable.  The  line,  thrust,  and 
propeller  shafts  will  be  about  7  inches  diameter, 
with  3J^-inch  axial  holes. 

Cooling  surface  in  main  condenser  about  2,246 
square  feet.  Diameter  of  air-pumps  13  j^  inches, 
stroke  12  inches.  Capacity  of  circulating  pump 
3,000  gallons  per  minute. 

There  will  be  two  boilers  9  feet  9  inches  in 
diameter  by  about  16  feet  10  inches  long,  with 
three  corrugated  furnaces  of  36  inches  diameter 
in  each.  Thickness  of  boiler  shells  seven- 
eighths  inch.  Total  grate  surface,  100  square 
feet;  total  heating  surface,  3,630  square  feet. 

Forced  draft  will  be  by  closed  fire-room. 

The  following  are  the  dimensions  of  the  ma- 
chinery of  the  practice  vessel: 

Cylinders  13^^,  21,  and  31  inches  in  diameter, 
by  20  inches  stroke.  I.  H.  P.  1,300  at  240  rev- 
olutions per  minute  and  160  pounds  working 
pressure.  Piston- valves  for  H.  P.  and  I.  P.  cyl- 
inders 6  inches  in  diameter.  Crank-shaft  jour- 
nals and  pins  6  inches  diameter  with  3-inch  axial 
holes.  Cranks  at  120°,  and  sections  of  shaft 
interchangeable. 


Fig.  74.— Enginks  of  New  U.  S.  Cruiskrs,  12  and  13. 


To  Face  Paob  SM. 


Fig.  75.— Engine  of  U.  S.  Cruisbbs  ii  &  13. 


Vic.  76.— Ekginrsoh  Nicw  V.  S.  Ci 


I 
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Cooling  surface  of  main  condenser  1,820 
square  feet.  Diameter  of  air-pumps  12  inches, 
stroke  12  inches.  Capacity  of  circulating  pump 
2,600  gallons  per  minute. 

There  will  be  two  boilers  8  feet  8  inches 
diameter  and  17  feet  long,  with  two  corrugated 
furnaces  of  39  inches  diameter  in  each.  Total 
grate  surface,  78  square  feet;  total  heating  sur- 
face about  2,640  square  feet;  thickness  of  shells, 
three-fourths  inch.  The  forced  draft  will  be  by 
closed  ash-pits. 
31 


CHAPTER  XXVII. 

TRIPLE-EXPANSION    SCREW-ENGINES  AND    BOIL- 
ERS OF   THE  U.    S.    S.     PHILADELPHIA,    DE- 
SIGNED AND  BUILT   BY  THE  WM.  CRAMP 
&   SONS  SHIP   AND   ENGINE   BUILD- 
ING CO.,    PHILADELPHIA. 

GENERAL  DESCRIPTIQN. 

The  engines  have,  each,  a  high,  intermediate 
and  low-pressure  cylinder,  of  38,  56,  and  86 
inches  diameter,  respectively,  and  a  piston-stroke 
of  40  inches. 

The  engines  are  placed  in  separate  water-tight 
compartments,  and  are  duplicates,  the  low-pres- 
sure cylinder  being  forward  in  the  forward,  and 
aft  in  the  after  compartment;  the  forward  engine 
turning  the  port-propeller. 

The  main  steam- valves  are  of  the  piston  type; 
there  is  one  for  the  high-pressure,  two  for  the 
intermediate,  and  two  for  each  low-pressure  cyl- 
inder, worked  by  radial  valve- gear  and  arranged 
for  a  minimum  cut-off  of  0.4  of  the  stroke  of  the 
high  pressure,  and  o.  5  in  the  intermediate  and 
low-pressure  cylinders. 

Each  piston  has  one  piston-rod  secured  to  a 

cross-head,  which  runs  on  guides,  supported  by 

the  engine  bed-frame. 

(362) 
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Each  crank-shaft  is  built-up,  made  of  steel,  in 
one  piece,  with  cranks  at  equal  angles  and  with 
the  necessary  coupling  discs  forged  on. 

The  castings  containing  the  crank-shaft  bear- 
ings are  cast  in  five  pieces  for  each  engine. 
They  are  bolted  to  engine  keelsons,  and  stayed 
to  cylinders  by  steel  tie-rods  and  the  engine  bed- 
frames. 

Each  main  engine  has  two  air  and  two  bilge- 
pumps,  all  vertical  and  single-acting,  driven  by 
an  independent  compound  engine.  Also  one 
centrifugal  circulating  pump  arranged  with 
bilge  as  well  as  sea-injection.  Air-pumps  de- 
liver into  one  feed-tank  of  boiler-iron.  The 
tank  has  a  capacity  of  about  500  gallons,  and  is 
partitioned  and  fitted  as  a  filter. 

The  shells  of  condensers  are  cylindrical  and 
made  of  brass.  They  are  fitted  with  brass  tubes 
^  inch  diameter  outside,  and  have  a  total  cool- 
ing surface  of  about  I3,5CK>  square  feet  measured 
on  the  outside  of  the  tubes.  The  tubes  are 
placed  fore-and-aft,  the  water  circulating  through 
them  and  thence  overboard  through  outboard- 
delivery  valves. 

Suitable  baffling  and  supporting  plates  are 
arranged  in  each  condenser  to  assist  in  the  cir- 
culation of  steam  and  to  support  the  tubes. 

There  are  two  vertical  duplex  pumps  fitted  in 
each  fire-room  of  ample  capacity  for  feeding  the 
boilers.     One  set  in  each  fire-room  is  fitted  to 
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draw  from  feed- water  tank  and  bottom  of  for- 
ward condenser  and  discharge  through  boiler 
check-valves.  The  second  set  in  each  fire-room 
is  fitted  to  draw  water  from  tank,  sea,  bilge,  and 
boilers,  and  discharges  into  fire-main,  through 
boiler-checks,  and  overboard.  The  pump  in 
forward  fire-room  likewise  discharges  through 
distiller. 

A  horizontal  pump  is  placed  in  each  engine- 
room,  and  fitted  to  draw  water  from  the  sea  and 
bilge,  and  to  discharge  into  fire-main  and 
through  outboard-delivery. 

The  water-cylinders  and  chests  of  all  pumps 
are  of  composition. 

The  distilling  apparatus  consists  of  one  dis- 
tiller capable  of  furnishing  3,000  gallons  of 
potable  water  in  twenty-four  hours.  .  The  cir- 
culating water  for  the  distiller  is  supplied  by 
the  auxiliary  pump  in  forward  fire-room. 

The  propellers  are  three-bladed,  right  and 
left-handed,  respectively,  of  about  14  feet  6 
inches  diameter,  and  are  made  of  manganese 
bronze. 

There  are  four  double-ended  horizontal  return 
tubular  boilers,  containing  an  aggregate  grate 
surface  of  624  square  feet,  arranged  fore  and  aft, 
in  two  water-tight  compartments,  with  four 
athwartship  fire-rooms.  Each  boiler  is  14  feet 
in  diameter  and  about  20  feet  long. 

The  smoke-pipe  is  fixed,  and  its  top  is  about 
60  feet  above  the  grates. 
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Fire-rooms  are  arranged  to  work  under  air- 
pressure  when  required,  and  are  fitted,  each, 
with  two  blowers,  capable  of  supplying  con- 
tinuously, with  ease,  sufficient  air  for  the  re- 
quired horse-power. 

DETAILED  DESCRIPTION. 

Cylinder  Casings,  —  The  cylinder  casings, 
which  include  the  steam  and  exhaust  ports  and 
passages,  inboard  heads,  and  valve-chests,  are 
of  cast-iron. 

They  are  fitted  with  cylinder  linings  of  hard 
cast-iron. 

The  cylinder  casings  have  extensions  cast  on 
them  with  flanges  i^  inches  thick  for  secur- 
ing them  to  engine  bed-frames. 

The  cylinder  casings  and  covers  are  covered 
with  non-conducting  material,  and  neatly  lagged 
with  black  walnut. 

Receivers. — The  receivers  consist  of  the  spaces 
between  high-pressure  and  intermediate,  and 
intermediate  and  low-pressure  piston- valves  and 
their  connecting  pipes. 

There  is  a  3^-inch  copper  pipe,  with  compo- 
position  stop-valve,  connecting  main  steam-pipe 
to  each  receiver  space;  and  a  composition'safety- 
valve,  with  nickel  seat  of  2^  inches  diameter, 
on  each  receiver,  the  intermediate  pressure 
weighted  to  80  pounds  per  square  inch  above  the 
atmosphere,  and  the  low-pressure  to  30  pounds. 
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Cylinder  linings. — The  linings  are  of  cast-iron 
as  hard  as  tools  can  work,  with  central  ring  or 
rest  They  are  i^  inches  thick,  and  are  accu- 
rately fitted  and  secured  to  the  casings.  They 
are  smoothly  and  accurately  bored  to  diameters 
of  38,  56,  and  86  inches  respectively,  and  for  a 
piston-stroke  of  40  inches.  Cylinder  linings 
are  jacketed. 

Cylinder  Heads  and  Covers, — The  cylinder- 
heads  are  cast  solid  with  cylinder  casings  and 
amply  stiflFened  by  ribs.  They  have  suitable 
openings  for  the  stuffing-boxes.  The  cylinder 
covers  are  made  of  cast-steel  and  well-ribbed. 
Each  low-pressure  cover  has  a  man-hole  cast  in, 
which  is  faced  to  receive  the  man-hole  plate. 
The  cylinder  covers  are  faced  true  on  the  inside. 
They  have  faced  flanges,  and  are  secured  to  cyl- 
inder casings  by  wrought-iron  bolts  with  fin- 
ished nuts.  Bolts  are  spaced  not  over  6  inches 
apart 

Holding-down  Bolts. — All  holding-down  bolts 
for  securing  the  engines  in  the  ship  are  fitted 
with  locked  nuts. 

Man-holes  and  plates, — The  man-holes  in  low- 
pressure  cylinder  covers  are  20  inches  in  diam- 
eter. The  plates  are  turned  to  loosely  fit  the 
holes,  faced  on  the  inner  surface  to  fit  the  facing- 
strip  on  cover  or  head,  and  finished  on  the  out- 
side. 

Valve- Chests  and  Covers, — The  valve^chests 
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have  openings  at  each  end  for  inserting  and  re- 
moving the  valves,  and  are  closed  by  single- 
plate  covers  of  cast-iron,  well  ribbed,  finished  on 
outside  with  faced  flanges  3J^  inches  wide  and 
i^  inches  thick. 

The  inboard  covers  contain  the  valve-stem 
stuffing-boxes;  the  outboard  serves  as  the  valve- 
stem  guide.  The  packing  spaces  are  fitted  with 
metallic  packing.  The  covers  are  secured  in 
place  by  i-inch  bolts,  spaced  6  inches  apart,  and 
with  finished  wrought-iron  nuts.  Suitable 
bosses  are  cast  on  the  upper  surface  of  steam- 
chests,  directly  over  each  steam-port,  for  the 
attachment  of  oil-cups. 

Valve  Liners, — The  valve  liners  are  made  of 
cast-iron  of  the  toughest  quality,  combined  with 
a  suitable  degree  of  hardness.  They  are  ^  inch 
thick,  accurately  bored  and  turned;  then  forced 
into  seats  after  the  ports  were  cut  out  3^  inches 
for  H.  P.  and  M.  P.,  and  3^  inches  for  L.  P. 
The  bridges  in  ports  are  lA  inches  wide. 

Main  Steam  Piston-Valves, — The  piston- valve 
is  made  of  composition,  A  inch  thick  in  the 
body  of  the  valve. 

Bach  end  of  all  valves  is  made  steam-tight  by 
two  packing-rings  of  composition,  ^  inch 
square  in  cross  section,  cut  obliquely,  and  held 
in  place  by  a  composition  follower  and  wrought- 
iron  bolts.  The  distance-pieces  for  separating 
the  packing-rings  at  each  end  of  the  valves  are 
made  of  composition. 
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Main  Valve-Stems.  —  The  valve-stems  are 
made  of  steel,  2^  inches  diameter  where  they 
pass  through  the  valves,  and  3^  inches  diameter 
in  the  stuffing-boxes. 

Throttle-  Valves. — The  main  steam-throttle  for 
each  high-pressure  cylinder  consists  of  a  disc- 
valve 15^  inches  diameter  of  opening,  opening 
with  the  pressure  in  the  steam-pipe,  and  is 
operated  by  suitable  gear  with  hand-lever  ad- 
jacent to  hand-lever  of  steam  reversing-gear. 

Valve- Gear. — The  valve-gear  is  of  the  radial 
type.  The  cut-oflFs  of  all  cylinders  are  capable 
of  being  adjusted  independently  of  each  other. 

The  distribution  of  steam  in  backward  gear  is 
such  as  to  permit  the  engines  to  be  reversed 
quickly  and  to  run  astern  at  full  power. 

The  eccentrics  are  made  of  cast-iron.  Each 
eccentric  is  made  in  two  parts,  securely  fastened 
together  by  two  mild-steel  bolts.  They  are 
truly  bored  to  fit  the  shaft  and  properly  secured 
to  the  same.  They  are  truly  turned  to  a  suit- 
able eccentricity,  and  recessed  at  the  sides  to  fit 
the  flanges  of  the  eccentric-straps. 

Each  eccentric-strap  is  in  two  parts,  of  cast 
steel,  with  white-metal  linings.  The  two  parts 
are  firmly  fastened  together  by  two  mild-steel 
bolts  with  lock  nuts.  The  two  parts  of  the 
strap  are  separated  by  suitable  brass  chipping- 
pieces.  A  prolongation  of  one  part  of  each 
eccentric-strap  forms  the  eccentric-lever. 
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Each  eccentric-lever  has  two  mild-steel  pins, 
one  with  a  hardened  steel  thimble  securely 
fastened. 

One  of  these  pins  engages  with  the  radius-link 
and  the  other  with  the  valve-connecting-rod. 

The  movement  of  each  valve  is  regulated  by 
a  reversing-ami  and  a  radius-link. 

Each  reversing-arm  is  carried  in  bearings 
rising  from  the  top  of  the  corresponding  crank- 
shaft bearing,  with  its  main  centre  line  parallel 
to  the  axis  of  the  crank-shaft,  and  in  the  same 
vertical  plane.  The  reversing-arm  with  its 
journals  is  of  cast-steel.  A  forged  steel  pin  is 
secured  in  the  free  end  of  the  arm  to  engage 
with  the  radius-link.  Each  radius-link  engages 
at  one  end  with  this  pin  and  at  the  other  with 
the  lower  pin  on  the  eccentric-lever. 

Each  valve-connecting-rod  engages  at  one  end 
with  the  corresponding  pin  in  the  eccentric- 
lever  and  at  the  other  end  with  a  pin  in  an  arm 
on  the  valve-motion  rock-shaft. 

The  valve-motion  rock-shafts  are  carried  in 
bearings  bolted  to  the  cylinder  casings,  and  have 
arms  set  at  suitable  inclinations  to  each  other  by 
which  the  motion  is  transmitted  to  the  valve- 
stems  by  links. 

The  radius-links,  valve-connecting-rods  and 
valve-links  are  forged  of  mild  steel,  finished  all 
over. 

AH  joint-pins  are  of  steel. 
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All  working  bearings  are  of  phosphor-bronze 
or  other  composition. 

The  reversing-arm  bearings  are  cast  on  the 
main  pillow-blocks.  The  valve-motion  rock- 
shafts  and  arms  and  reversing-arms  are  of  cast: 
steel. 

The  radius-links  are  capable  of  adjustment  so 
as  to  preserve  a  constant  distance  between 
centers'when  taking  up  lost  motion. 

Fixed  trammels  are  furnished,  suitably  pro- 
tected from  injury,  for  setting  the  radius-link 
centers  to  their  proper  distances. 

The  valve-stems  are  marked  and  furnished 
with  fixed  trammels  for  setting  the  valves  with- 
out removing  the  valve-chest  bonnets. 

A  spare  set  of  bearings  is  furnished  for  all 
adjustible  joints. 

All  parts  of  the  valve-gear  are  suitably  marked 
for  convenience  of  putting  together  properly 
when  overhauling. 

Reversing'gear, — Each  engine  has  a  steam 
reversing-gear  with  the  cylinder  placed  verti- 
cally. Each  main  engine  has  one  hand-reversing 
lever,  which  is  conveniently  placed  to  be  worked 
from  the  working-platform.  The  reversing- 
lever  sectors  have  adjustable  stops  to  prevent  the 
hand-levers  being  thrown  beyond  the  full-ahead 
and  astern  positions. 

The  reversing  engines  exhaust  into  the  re- 
spective condensers. 
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Steam  Governor. — There  is  an  efficient  gov- 
ernor of  an  approved  type,  with  all  necessary 
connections  fitting  to  the  reversing  lever  of  each 
engine,  so  as  to  control  the  admission  of  steam 
to  each  cylinder  for  preventing  racing  in  rough 
weather. 

Cylinder  Relief  Valves. — There  is  an  auto- 
matic relief  valve  of  3  inches  diameter,  located 
at  each  end  of  each  cylinder;  these  valves  are 
guided  by  loosely  fitting  wings.  They  are  kept 
on  their  seats  by  the  pressure  of  steam  in  their 
respective  receivers  and  by  a  light  spiral  spring. 

Cylinder  Drain  Valves. — There  is  fitted  to 
each  end  of  each  cylinder,  a  drain  valve  of  ap- 
proved design,  with  i-inch  opening.  These 
valves  are  made  of  composition  and  are  flanged 
and  bolted  to  bosses  on  cylinder  casings.  They 
are  arranged  to  work  by  hand-levers  at  working 
platform  if  found  necessary. 

Pistons. — The  pistons  are  made  of  steel,  the 
thickness  of  metal  2%  inches  at  center  and 
i^  inches  at  periphery;  that  around  the  eyes  of 
the  piston-rods  is  2^  inches.  Each  piston  has 
one  cast  iron  wearing-shoe  upon  which  it  rests. 
These  shoes  are  so  fitted  that  they  can  be  adjusted 
to  take  the  wear.  The  packing-rings  are  ^ 
inch  thick,  ^^  inch  wide,  and  are  adjusted  by 
steel  springs  of  proper  tension. 

Piston- Rods. — The  piston-rods  are  of  steel, 
finished  7^  inches  diameter,  fitted  and  secured 
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to  the  pistons  by  iron  nuts.  The  piston-rods 
are  fitted  into  cross-heads  and  secured  by  nuts. 

Cylinder  Tie- Rods. — ^The  tie-rods  securing  the 
cylinders  to  pillow-block  frames  are  made  of 
steel,  turned  to  a  diameter  of  4^  inches.  They 
have  T-heads  forged  on  each  end.  These  rods 
are  secured  to  the  pillow-blocks  and  to  the 
cylinders  by  steel  bolts  2^  inches  diameter. 

Pis  ton- Rod  Stuffing- Boxes, — ^The  piston-rod 
stufling-boxes  are  formed  in  the  cylinder-heads, 
and  are  fitted  with  cast-iron  bushings  and 
glands.  They  are  fitted  with  an  approved 
metallic  packing. 

Cross-Heads, — The  cross-heads  are  of  steel, 
finished  all  over,  and  fitted  with  cast-steel 
slippers,  lined  with  white  metal,  20  inches  wide, 
24  inches  long.  The  connecting-rod  journals 
are  9  inches  diameter  and  10  inches  long. 

Engine  Bed-Frames  and  Cross-Head  Slides,-^ 
The  engine  bed-frames  and  cross-head  slides  are 
of  cast-steel,  well  secured  to  cylinders  at  one 
end  and  to  the  bed-plates  at  the  other. 

Connecting- Rods.  — The  connecting-rods  are 
of  steel,  finished  all  over. 

They  are  86  inches  long  between  centers,  7 
inches  diameter  of  neck  at  crank-pin  end,  and 
6  inches  diameter  of  neck  at  cross-head  end. 
The  crank-pin  and  cross-head  boxes  are  made 
of  composition.  The  crank-pin  boxes  are  se- 
cured to  rod  by  two  4^-inch  steel  bolts,  and  each 
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cross-head  box  by  two  35^-inch  bolts  ;  the  nuts 
are  secured  by  proper  set-screws.  The  boxes 
for  crank-pins  are  23^  inches  thick,  and  for 
cross-heads  i^  inches  thick,  accurately  fitted  to 
pins  and  rods. 

Crank-shafts, — The  crank-shaft  for  each  set 
of  engines  is  made  of  steel,  built  up  with  solid 
webs  and  couplings  with  cranks  at  equal  angles. 
The  shaft-journals  are  14^  inches  diameter  and 
have  a  total  length  of  about  122  inches. 

The  crank-webs  are  9^  and  10  J^  inches  thick. 
The  crank-pins  are  15  inches  diameter  and  17 
inches  long. 

The  couplings  are  3^  inches  thick  and  28^ 
inches  diameter.  The  after,  middle  and  forward 
crank-pins  and  shaft-journals  have  holes  axially 
through  them,  respectively  7,  8  and  9  inches 
diameter. 

Crankshaft  Boxes  and  Caps — Boxes  of  com- 
position are  fitted  to  the  main  pedestals.  The 
caps  are  of  steel  and  both  boxes  and  caps  are 
made  with  recesses  for  white  metal  linings. 

Each  cap  has  a  hole  through  it  of  sufiicient 
size  to  feel  the  journal.  Each  cap  is  secured  by 
two  4-inch  steel,  bolts,  and  with  set-screws  to 
prevent  nuts  from  working  loose. 

Composition  boxes  are  hollow  for  water  cir- 
culation. Both  shaft  and  crank-pin  brasses  are 
scraped  to  accurately  fit  their  journals. 

Bed'Plates  and  Pillow-blocks. — The  bed-plates 
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for  pillow-blocks  are  made  of  steel  in  five  cast- 
ings, from  which  spring  the  pedestals  for  crank- 
shaft bearings.  The  plates  and  pedestals  are 
cast  hollow,  with  walls  i  j4  and  Ji  inch  thick, 
the  metal  around  the  boxes  is  i^  and  2  inches 
thick.  The  bottom  flanges  of  bed-plates  are 
i}i  inches  thick  and  3^  inches  wide. 

Surface  Condensers. — The  condenser-chests 
are  cylindrical  in  form,  ** built  up"  of  sheet- 
brass  %  inch  thick,  amply  sustained  by  angle 
and  T-rings  and  composition  flanges  for  the 
tube-plates. 

The  exhaust  and  discharge-nozzles,  also  the 
chambers  for  the  circulating  waters  and  the 
covers  for  the  same,  are  of  composition  as  thin 
and  light  as  practicable,  combined  with  ample 
strength  and  stiffness.  The  diameter  of  the  ex- 
haust opening  is  30  inches,  and  of  the  discharge 
openings  to  air-pumps  16  inches.  The  injection 
and  delivery  openings  for  the  circulating  water 
are  15  inches  in  diameter.  AH  flanges  2j^ 
inches  wide. 

A  I  inch  salt-water  feed- valve  is  attached  to 
each  condenser. 

Each  chest  contains  3,440  seamless-drawn 
brass  tubes,  %  inch  outside  diameter,  of  No.  20 
B.  W.  G.  thickness,  spaced  \\  of  an  inch  be- 
tween centres. 

The  exposed  condensing  length  of  tubes  is  12 
feet,   having  a  total   cooling  surface  of  6,75a 


I 

I 


ENGINES  OF  U.  S.  S.  PHII;ADELPHIA.      375 

square  feet.     The  tubes  are  thoroughly  tinned 
inside  and  out. 

The  tube-plates  are  of  brass,  }i  inch  thick, 
stayed  to  heads  by  eight  i-inch  stays,  bored  for 
the  tubes,  and  counter-bored  ^  inch  diameter 
and  i®Y  inch  deep,  the  packing  is  compressed  by 
composition  glands  screwed  into  the  plates,  and 
having  a  device  for  preventing  crawling  of  the 
tubes. 

The  tubes  are  suitably  supported  by  an  ap- 
proved system  of  composition  diaphragm  and 
deflecting  plates  in  each  condenser. 

The  condensers  are  located  behind  the  engine 
cylinders  and  well  secured  in  the  ship. 

Additionally,  the  condenser  in  the  forward 
compartment  is  fitted  with  straightway- valves  in 
its  cylinder  exhaust-pipe,  and  discharge-pipe 
close  to  air-pump,  for  closing  all  communication 
with  the  main  engines  when  the  condenser  is 
used  for  auxiliary  purposes. 

Auxiliary  Exhaust-Main. — The  auxiliary  ex- 
haust-main, where  it  passes  through  the  engine 
compartments,  has  a  diameter  of  6  inches,  and  is 
made  of  copper.  It  has  in  each  engine  compart- 
ment two  exhaust  connections — one  to  condenser 
and  one  to  low-pressure  receiver,  each  4  inches 
internal  diameter.  All  flanges  are  made  of  com- 
position, faced  not  less  than  2%  inches  wide. 

One  4-inch  escape  to  atmosphere. 

Air  and  Bilge-pumps, — Each  engine  has  two 
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vertical  single-acting  air-pnmps  24  inches  diam- 
eter and  18  inches  stroke,  and  two  bilge-pnmps 
4  inches  diameter  and  18  inches  stroke,  oper- 
ated direct  by  a  special  compound  engine. 

The  pnmp-cylindeis,  valve-chests,  covers, 
bonnets,  buckets,  bucket-rods,  plungers,  valve- 
seats  and  guards  are  made  of  composition;  the 
air-pump  valves  of  hard  rubber.  The  bilge- 
pump  valves  of  rubber,  with  two  layers  of  can- 
vas. The  pump-cylinders  are  ^  inch  thick. 
All  possible  conveniences  are  attached  to  air- 
pumps  for  examination  of  valves. 

Centrifugal  Circulating-pump, — ^The  centrifu- 
gal circulating-pump  in  each  engine  compart- 
inent  is  of  approved  design,  with  15-inch  suction 
and  discharge  openings.  All  pipes  are  fitted 
with  composition  flanges  of  2^  inches  face. 

The  pump  is  operated  by  a  special  engine  con- 
nected directly  with  it;  takes  steam  from  both 
main  and  auxiliary  steam-pipes  direct,  and  ex- 
hausts into  the  condenser  through  the  auxiliary 
exhaust-main. 

Pump-casing,  fan  and  pump-shaft  are  of  com- 
position. 

Injection-valves. — ^The  chests,  valves,  seats, 
bonnets,  glands,  screw-stems  and  hand- wheels  of 
the  injection-valves  are  of  composition.* 

Bach  valve  has  an  opening  through  the  seat 
of  15  inches  diameter. 

Each  chest  has  a  nozzle  of  3^  inches  dia- 
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meter  of  opening  under  the  valve  for  fire-pump 
suction. 

Composition  strainers  equivalent  in  area  to 
twice  the  area  of  valve  cover  the  openings 
through  the  ship. 

Bilge-Injection, — A  copper  pipe  of  12  inches 
internal  diameter  connects  each  main  injection- 
valve  chest  with  the  bilge  in  its  engine  com- 
partment. Each  pipe  has  attached  to  it  a  com- 
position non-return  valve  of  12  inches  diameter 
pf  opening. 

Outboard' Delivery  Valves. — The  chests,  bon- 
nets, seats,  valves,  stems  and  glands  of  out- 
board-delivery  valves  are  of  composition. 

The  valves  are  fitted  as  checks,  to  open  by 
pressure  from  inside,  to  cover  openings  through 
seat  15  inches  diameter.  Each  chest  has  a 
valve  of  3J^  inches  diameter  of  opening  outside 
the  main  valve  for  the  bilge  discharge  from 
fire-pumps,  and  one  for  the  discharge  from  main 
bilge-pumps. 

Sea-Valves. — There  are  two  sea- valves  of  not 
less  than  3^  inches  diameter  of  opening  in  each 
fire -room,  one  to  be  used  for  blow  and  the  other 
for  sea-suction. 

The  chests  are  provided  with  suitable  nozzles 
for  connecting  them  with  pipes,  leading  to 
boilers  and  pumps. 

The  chests,  bonnets,  valves,  seats,  stems, 
glands  and  hand-wheels  are  made  of  composi- 
tion. 
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The  suctions  have  composition  strainers,  with 
holes  through  them  of  an  aggregate  area  not 
less  than  twice  the  area  of  valve  openings. 

Feed  and  Auxiliary-Pumps. — ^There  are  two 
vertical  duplex-pumps  of  approved  design, 
located  in  each  fire-room;  each  pump  has  water- 
cylinders  of  5  inches  diameter  and  a  piston- 
stroke  of  12  inches.  One  pump  in  each  fire- 
room  is  connected  to  feed-tanks,  bottom  of 
forward  condenser,  and  boiler-checks  only,  and 
has  a  screw  check-valve  on  both  suction  and 
delivery-pipes  close  to  the  pump.  The  other 
pump  in  each  fire-room  is  fitted  to  draw  from 
feed-tank,  sea,  bilge  and  boilers;  and  to  deliver 
water  into  any  of  the  boilers  by  a  distinct  set  of 
feed-pipes  and  check-vaves  independent  of  the 
main  feed  system,  and,  likewise,  into  the  fire- 
main  and  overboard. 

In  addition,  the  forward  auxiliary  pump  is 
fitted  with  a  suitable  discharge-pipe  for  flushing 
the  head  and  for  distilling  purposes.  It  dis- 
charges its  water  overboard  through  a  sea-valve 
forward. 

Fire  and  Bilge- Pumps, — There  is  a  vertical 
steam-pump  of  approved  design  placed  in  each 
engine-room.  They  are  fitted  with  the  requisite 
valves  and  connections  for  use  as  bilge  and  fire- 
pumps,  and  draw  water  from  the  sea  through 
a  valve  or  main  injection-chest  or  through  bot- 
tom of  ship  and  from  the  bilge.     They  deliver 
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overboard  through  valves  on  outboard-delivery 
valve-chests,  and  into  fire-main. 

Each  pump  has  a  steam-cylinder  of  8  inches 
diameter,  water-cylinder  of  5  inches  diameter, 
and  a  stroke  of  12  inches. 

Distiller  and  pump. — The  distilling  apparatus 
is  located  on  the  berth-deck,  and  consists  of  one 
distiller  of  approved  design  capable  of  furnishing 
3,000  gallons  of  potable  water  in  24  hours.  It 
takes  its  steam  from  the  auxiliary  boiler  by  an 
independent  stop-valve  and  pipe. 

The  auxiliary  pump  in  fire-room  is  used  as  a 
circulating-pump  for  the  distiller.  One  inde- 
pendent pump  for  distiller. 

The  circulating  water,  after  passing  through 
the  distiller,  goes  forward  through  a  proper 
copper  pipe  for  use  in  flushing  the  heads;  a 
copper  bye-pass  pipe,  fitted  with  suitable  valves, 
connects  the  discharge  of  the  pump  used  to  cir- 
culate water  through  the  distiller  with  the  pipe 
leading  forward  to  the  head,  for  use  when  from 
any  cause  the  distiller  is  shut  off. 

The  distiller  is  fitted  with  a  filter  and  with  the 
pipes  necessary  for  running  the  distilled  water 
into  the  fresh-water  tanks. 

Pump-cylinders, — The  water-cylinders  of  all 
steam-pumps  are  made  of  composition. 

All  pumps  have  screw  check-valves  in  section 
and  delivery-pipes  close  to  pump-cliambers,  and 
stop-valves   in   both   steam   and  exhaust-pipes. 
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All  suction-pipes  leading  to  bilge,  excepting 
those  from  the  circulating-pumps,  are  fitted  with 
Macomb  bilge-strainers.  The  steam-cylinders 
of  all  pumps,  blowers,  and  other  auxiliary 
machinery  have  their  exhaust-nozzles  connected 
to  an  exhaust-main,  which  will  pass  through 
engine  and  fire-rooms.  This  main  is  connected  to 
both  main  condensers  and  to  the  second  receiv- 
ers of  both  engines,  and  has  a  discharge  into 
the  atmosphere,  and  is  furnished  with  the 
necessary  valves  for  governing  the  direction  of 
the  exhaust.  Additionally,  the  main  feed- 
pumps are  supplied  with  means  of  turning  their 
exhaust  steam  into  their  feed  suction-pipes. 

Working-platforms.  —  Working-platforms  of 
wrought-iron  are  situated  below  the  center  of 
shaft  and  on  each  side  of  the  bulkhead,  between 
the  engines,  convenient  to  which  are  arranged 
all  the  handles,  levers,  and  connections  for  oper- 
ating the  engines,  with  the  counters,  revolution- 
indicators,  clocks,  steam  and  vacuum-gauges  in 
plain  view. 

Ladders  are  provided  as  means  of  escape  from 
engine-rooms  when  the  water-tight  doors  are 
closed,  and  are  located  on  the  bulkhead  separat- 
ing the  engine  compartments. 

The  engine-room  stairway  for  ordinary  use  is 
accessible  from  the  berth-deck  through  a  door 
in  engine-room  hatch  bulkhead,  and  has  its 
landing  on  the  working-platform  in  the  forward 
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engine  compartment.  A  door  near  this  stairway 
communicates  with  after  engine  compartment, 
and  suitable  footways  are  arranged  for  access  to 
the  moving  parts  of  the  machinery,  fitted,  where 
required,  with  brass  hand-rails  and  finished 
wrought-iron  stanchions. 

Feed-water  Tanks, — A  feed- water  tank  is 
placed  in  forward  engine-room.  It  is  made  of 
wrought-iron  A  inch  in  thickness,  and  has  a 
capacity  of  about  500  gallons,  and  is  fitted  as  a 
filter  and  is  provided  with  a  vapor  pipe,  a  float- 
valve  for  preventing  access  of  air  to  feed-pump, 
an  overflow-pipe  and  a  glass  gauge. 

A  supply-pipe  leads  from  this  tank  to  the 
main  feed-pumps  in  fire-rooms. 

Line'Shafting, — The  line  and  thrust-shafting 
of  both  engines  are  made  of  steel,  13^  inches 
diameter,  with  a  6-inch  hole  axially  through  it, 
and  are  supported  by  spring  bearings  where 
necessary.  The  thrust-shafts  have  eleven  raised 
collars  i^  inches  thick,  18  inches  outside  diam- 
eter, and  i^  inches  space  between  them. 

Propeller  Shafting, — The  propeller-shaft  of 
each  engine  is  made  of  steel  in  two  lengths. 
The  forward  length  is  14^  inches  outside  diam- 
eter, with  8-inch  hole  axially  through  it.  The 
after  length  is  15  inches  outside  diameter,  with 
9-inch  hole  axially  through  it.  The  hole  is  re- 
duced at  propeller  end  to  correspond  with  diam- 
eters.    The  forward  length  is  cased  with  brass 
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in  stern-pipe.  The  after  length  is  covered  at 
bearing  only.  Sleeves  at  bearings  Ji  inch 
thick,  remainder  }4  inch  thick. 

Screw-Propellers. — The  propellers  are  made 
of  manganese-bronze,  14^^  feet  diameter;  have 
adjustable  blades  and  turn  outward  in  forward 
motion. 

Outside  and  Stern- Pipe  Bearings. — The  stem- 
pipes  and  outside  bearings  have  composition 
bushings  fitted  with  lignum-vitae  staves,  with  the 
proper  flanges  for  securing  them  in  position. 

The  bearings  in  stuffing-boxes  are  24  inches 
long,  the  outer  ones  32  inches  and  those  in 
hangers  48  inches. 

All  lignum-vitae  bears  on  end  of  grain. 

Stern-Pipe  Stuffing-Boxes.  —  The  stuffing- 
boxes  are  made  of  composition,  with  a  packing 
space  I  inch  wide  and  6  inches  deep,  fitted  with 
followers  made  in  two  parts  with  a  space  of  i  j^ 
inches  between  them,  and  secured  in  place  by 
Tobin's-metal  bolts. 

Thrust-Blocks  and  Bearings. — The  thrust- 
blocks  and  caps  are  of  cast-iron,  lined  with  white 
metal,  and  made  for  a  circulation  of  water 
through  them.  They  are  provided  with  stuff- 
ing-boxes and  glands  at  both  ends  for  retaining 
the  oil. 

The  caps  are  made  with  lugs  locking  into  the 
blocks,  and  have  ample  oil  and  grease-cups  with 
hinged  covers. 
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Bach  cap  is  well  secured  in  place  by  four 
wrought-iron  bolts  i  %  inches  diameter. 

The  blocks  rest  on  sole-plates  riveted  to  the 
foundations  built  in  the  ship,  to  which  they  are 
secured  by  twelve  bolts  i  J^  inches  diameter,  and 
fitted  with  keys  so  that  they  can  be  accurately 
adjusted  to  line  in  any  direction. 

Spring-Bearings, — Spring-bearings  are  18  in- 
ches long. 

Turning  Gear, — Steam-gear  is  provided  for 
turning  the  main  engines. 

Water-pipes, — Seamless  brass  water-pipes  2 
inches  diameter  are  fitted  with  the  necessary 
valves  in  each  engine-room.  The  water  sup- 
plied from  a  pump.    - 

They  have  two  branches  oi  \%  inches  diam- 
eter to  each  main  and  crank-pin  bearing,  one 
branch  of  1  inch  diameter  to  each  eccentric,  and 
two  branches  i  J^  inches  diameter  to  each  thrust- 
bearing. 

Also  two  of  %  inch  diameter,  screwed  into 
each  crank-shaft  pillow-block,  with  holes  lead- 
ing down  through  brasses  to  tops  of  journals, 
and  one  of  ^  inch  diameter  screwed  into  each 
cross-head  slide. 

All  branch  water-pipes  are  fitted  with  valves 
for  regulating  the  supply  of  water  to  bearings. 

Journal-boxes, — All  journals  or  moving  parts 
of  iron  or  steel  are  run  in  boxes  either  of  com- 
position or  of  cast-iron  or  steel  lined  with  white- 
metal. 
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The  crank-pin  and  crank-shaft  boxes  are  lined 
with  Parson's  white-metal. 

Indicator  Fittings  and  iI/^/ik?«j. -Indicator  con- 
nections for  each  end  of  each  steam-cylinder  are 
fitted,  as  near  as  possible,  to  the  bores  of  their 
cylinders,  and  so  located  as  to  be  easily  access- 
ible. 

The  indicator-motions  are  so  designed  as  to 
give  the  indicator-barrels  motions  coincident 
with  those  of  the  pistons,  and  of  suflScient  throw 
to  give  a  diagram  of  4  inches  length. 

Revolution-indicators, — Revolution-indicators, 
showing  on  suitable  dials  the  speed  and  direction 
of  the  engines,  are  placed  in  each  engine-room, 
and  suitable  dials  for  showing  in  which  direction 
the  engines  are  turning  are  placed  on  deck. 

Oil' Cups. — Each  crank-pin  is  fitted  with  a 
telescopic  or  wiping  arrangement,  of  approved 
design.  All  crank-shaft  bearings  have  ample 
oil-cups  with  hinged  covers,  tube  and  wick- 
holders,  and  so  arranged  that  the  amount  of  oil 
passing  down  each  tube  to  the  journals  can  be 
seen  and  regulated.  Wipers  carried  by  the  up- 
per ends  of  the  eccentric-leavers  furnish  oil  for 
lubricating  the  eccentrics  and  all  connections  of 
the  eccentric-levers.  These  wipers  to  take  oil 
from  strips  of  webbing  supplied  by  oil-cups  suit- 
ably supported  and  capable  of  adjustment  so  as 
to  feed  oil  in  all  positions  of  the  valve-gear,  and 
also  so  arrangfed  as  to  make  the  supply  of  oil  to 
the  various  parts  independently  adjustable. 
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All  other  joints  or  moving  parts  not  otherwise 
referred  to,  and  especially  the  cross-head  slides 
and  the  valve  connections,  have  finished  brass 
automatic  oiling-gear  of  approved  design,  cap- 
able of  supplying  sufficient  lubrication  while  the 
engines  are  in  operation  without  waste  of  oil. 

All  oil-cups  are  such  as  can  be  easily  filled 
while  the  engines  are  running  at  maximum 
speed,  and  have  an  oil  capacity  for  at  least  four 
hours  running. 

All  fixed  bearings  have  drip-cups  cast  on 
where  possible,  of  cast-brass  and  properly  fitted. 

All  such  cups  have  drain-pipes,  and  cocks  of 
at  least  ^  inch  diameter,  which  can  be  used 
while  the  engines  are  in  operation. 

All  moving  bearings  have  drip-cups  or  pans 
of  sheet  brass  where  necessary. 

Holes  Through  Ship.  — All  holes  through  the 
ship  are  covered  by  valves  on  the  inside,  and 
fitted  with  zinc  protecting-rings. 

Pump  Connections  to  Fire- Main, — ^The  fire  and 
auxiliary  feed-pumps  each  have  a  discharge- 
pipe,  with  straight-way  stop-valve,  connecting  it 
with  the  fire-main  running  fore  and  aft,  and  a 
branch  from  each  discharge-pipe  near  the  pump 
is  fitted  with  standard  hose-connections  and 
straightway-valve. 

Eye- Bolts, — Wrought-iron  eye-bolts  and  trav- 
eler-bars are  properly  located  and  secured  wher- 
ever required  for  lifting  different  parts  of  ma- 
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chinery,  and  particularly  the  covers  of  cylinders 
and  valve-chests,  the  covers  of  air  and  circulat- 
ing-pumps and  their  valve-chests,  the  condenser- 
bonnets,  the  connecting-rods,  the  caps  of  pillow- 
blocks  of  crank-shaft  and  line-shaft  journals  and 
of  thrust-bearings. 

Securing  Engines  in  Ship, — ^The  engines  are 
adjusted  and  lined  upon  the  engine-keelsons, 
and  accurately  in  line;  the  spaces  around .  hold-? 
ing-down  bolts  between  sole-plates  and  keelsons 
are  filled  by  accurately  fitting  wrought-iron 
washers,  upon  which  the  holding-down  bolts  are 
set  up  and  locked  in  place. 

Drain-Pipes  and  Traps.  —  All  receptacles 
where  condensed  steam  is  likely  to  accumulate 
are  provided  with  drain-pipes  and  cocks  of 
ample  capacity  leading  to  automatic  traps  (fitted 
with  bye-pass  pipes  and  valves),  which  discharge 
into  feed-tanks. 

The  drain-pipes  from  safety-valves  are  con- 
nected ^  inch  below  the  level  of  valve-seats. 

Boilers  and  Attachments. — There  are  four 
double-ended  horizontal  return  tubular  boilers, 
constructed  of  open-hearth  steel.  The  boilers 
carry  a  working  pressure  of  i6o  pounds  by 
gauge. 

All  plates  are  planed  on  their  edges,  and  thor- 
oughly calked  inside  and  out  wherever  accessi- 
ble. Butt-jointed  seams  are  covered  with  straps, 
and  all  rivet-holes  are  drilled  to  full  size.     Bach 
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boiler  is  14  feet  mean  diameter  outside,  and  20 
feet  long,  and  has  eight  furnaces  36  inches  least 
internal  diameter. 

.  Grate-sur/ace.  —  Total  grate-surface  in  four 
boilers  is  624  square  feet. 

Grate-bars, — The  grate-bars  are  of  wrought- 
iron,  in  two  lengths,  of  approved  pattern.  The 
furnace-fronts,  bridge-walls,  and  bearers  are 
properly  fitted  to  support  the  bars. 

Tubes. — Each  boiler  contains  nine  hundred 
and  sixty-four  lap-welded  wrought-iron  tubes. 
Every  third  tube,  vertically  and  horizontally,  is; 
a  stay- tube,  and  is  No.  8  B.  W.  G.  thick  and  2  % 
inches  external  diameter.  The  other  tubes  are 
No.  12  B.  W.  G.  in  thickness,  2j^  inches  exter- 
nal diameter. 

The  stay-tubes  are  screwed  into  both  heads, 
the  ends  at  front  heads  to  be  swelled.  They  are 
expanded  into  both  heads  and  beaded  over  at 
combustion-chamber  ends. 

Boiler-shells, — The  shells  are  of  plates  ij^ 
inches  thick,  the  longitudinal  joints  are  double- 
strapped  and  double-riveted  each  side  of  seams. 
The  circular  joints  are  lap-jointed  and  double- 
riveted. 

Tube-sheets. — The  tube-sheets  are  j*,  inch  in 
thickness,  and  are  accurately  drilled  for  the. 
tubes. 

Boiler-heads  and  Braces. — The  upper  portion 
of  the  heads  are  ^  inch  thick  and  the  lower. 
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portion  ^V  inch  thick.  The  upper  portions  of 
heads  are  braced  by  three  rows  of  steel  stays  2^ 
inches  diameter  in  the  body,  17  inches  between 
centers  horizontally,  and  13  inches  vertically. 
Jaw-braces  are  of  iron.  The  tops  of  combustion- 
chambers  are  stayed  to  shell  by  i^^-inch  iron 
braces  with  crowfeet  on  top  of  the  chambers, 
placed  6}^  inches  apart  in  length  of  boiler  and 
13  inches  in  the  diameter.  All  steel  braces  are 
without  welds  in  length  or  eyes.  The  through 
braces  are  made  with  nuts  on  both  sides  of 
boiler  heads,  having  raised  threads  on  ends. 

Furnaces. — ^The  furnaces  are  of  the  best  steel, 
welded  at  joints,  and  corrugated.  They  are  36 
inches  diameter  at  the  inside  of  corrugation,  ^ 
inch  thick,  and  are  single-riveted  at  their  junc- 
tion with  front  heads  and  combustion-chambers. 
Ash  pans  of  ^  inch  wrought-iron  are  fitted  in 
all  furnace-flues  reaching  from  front  to  bridge- 
wall. 

Bridge-Walls, — A  bridge- wall  of  approved 
pattern  is  fitted  in  each  furnace.  The  upper 
part  is  finished  with  fire-brick.  The  bridge- 
walls  are  easily  removable. 

Combustion- Chambers,  —  The  combustion- 
chambers  are  54  inches  deep;  the  sides,  tops, 
ends,  furnace-plates  and  tube-sheets  A  inch 
thick.  The  sides  stayed  by  steel  screw  stay- 
bolts  1%  inches  diameter,  spaced  6%  inches  from 
center  to  center. 
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Smoke-Boxes  and  Uptakes, — The  smoke-boxes 
and  uptakes  are  made  with  single  shell,  covered 
with  an  approved  non-conducting  substance  and 
protected  by  an  outside  shell.  The  inner  shell 
is  secured  to  boilers  by  2^-inch  angle-irons. 
Both  shells  are  made  of  iron  A  inch  and  ^  inch 
thick,  respectively. 

The  connection  doors  are  made  of  wrought- 
iron  with  double  shells,  and  fitted  with  hinges 
and  catches  of  wrought-iron.  The  outside  shell 
is  ^»y  inch  thick,  and  the  lining  J^  inch  thick. 

Furnace  fronts.  —  The  furnace- fronts  are  of 
wrought-iron  5^  inch  thick,  with  cast-iron  per^ 
forated  liners. 

Furnace-doors,  —  The  furnace-doors  are  of 
wrought-iron  J^  inch  thick,  with  cast-iron  per- 
forated liners. 

Ash-pit  Doors. — The  ash-pit  doors  are  of 
wrought-iron  yi  inch  thick,  flanged  i  inch  deep, 
and  fitted  to  place  so  as  to  thoroughly  close  the 
ash-pits,  and  fit  lugs  on  bulkhead  when  not  in 
use. 

Saddles. — Each  boiler  is  to  rest  on  three  sad- 
dles, which  are  built  in  and  form  part  of  hull. 
The  boilers  are  secured  by  double  angle-irons 
riveted  to  saddles  and  bolted  to  boilers. 

Smoke  pipes. — There  are  two  smoke-pipes  60 
feet  in  total  height  above  the  upper  grates. 
They  are  6  feet  9  inches  in  diameter,  made  of 
wrought-iron  plates;  the   lower   course    No.  7 
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B.  W.  G.  thickness,  the  upper  ones  No.  8.  The 
pipe  is  stiffened  by  flat  bands  on  the  inside,  at 
top  and  bottom,  and  by  a  band  4  inches  wide 
and  I  inch  thick  on  outside  at  top.  The  pipe 
is  inclosed  its  entire  length  by  a  jacket,  leaving 
an  annular  space  of  at  least  3  inches.  The  jacket 
is  of  wrought-iron.  No.  13  B.  W.  G.  thick,  and 
covered  by  a  hood  for  the  escape  of  hot  air.  The 
pipe  and  jacket  are  made  with  strapped  butt- 
joints.  The  smoke-box  and  breeching  inclosed 
by  a  jacket  made  of  No.  16  iron.  The  pipe  is 
provided  with  stays,  eyes  and  shackles,  and  is 
supported  in  such  a  manner  as  to  relieve  the  up- 
takes of  its  weight.  A  pivoted  damper  is  fitted 
in  each   smoke-pipe. 

Dry  pipes.  —  Each  boiler  has  a  perforated 
tinned-brass  dry  pipe  of  reduced  diameter  at  the 
internal  end,  but  of  same  diameter  at  front  end 
as  the  steam-pipe  with  which  it  is  connected. 
It  is  placed  as  high  as  possible,  and  extends 
nearly  the  length  of  the  boiler. 

Its  upper  surface  is  pierced  with  holes  ^  inch 
in  diameter,  spaced  equidistant,  their  aggregate 
area  to  be  twice  that  of  the  cross-section  of  the 
pipe. 

Boiler  Clothing. — The  boiler  shells  and  fronts 
are  covered  with  approved  material,  which  is 
protected  by  a  galvanized-iron  covering,  the 
joints  of  which  are  lapped  and  bolted. 

Safety-valves, — Each  boiler  has  two  automatic 
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spring  safety-valves  6  inches  in  diameter,  adapted 
to  a  maximum  pressure  of  160  pounds  per  gauge, 
and  fitted  with  proper  levers  and  approved 
mechanism  for  working  them  from  the  fire- 
rooms.  The  chests,  valves  and  stems  are  of 
composition,  and  seats  of  nickel. 

The  chests  are  bolted  to  stop-valve  chambers, 
and  connected  by  copper  pipes  to  the  escape- 
pipes,  which  are  also  of  copper.  The  seats  of 
all  safety-valves  are  at  least  ^  inch  above  the 
bottom  of  their  chests. 

Sentinel-valves. — There  is  a  sentinel-valve  of 
y^  square  inch  area  attached  to  the  front  of  each 
boiler,  fitted  with  movable  weight  and  notched 
lever,  and  weighted  to  close  tightly  against  a 
boiler  pressure  of  175  pounds  per  square  inch. 

Water-gauges. — Each  boiler  has  two  composi- 
tion water-gauges  carrying  glasses  16  inches  in 
exposed  length,  and  with  outside  pipe-connec- 
tions to  top  and  bottom  of  boiler,  the  bottom  of 
glass  being  i  inch  below  the  highest  heating 
surface.  The  water-level  is  marked  on  brass 
plate  on  outside  of  boiler. 

There  aie  four  gauge-cocks  on  each  end  of 
boiler,  placed  4  inches  apart,  the  lowest  cock  4 
inches  below  the  highest  heating  surface  of  the 
boiler. 

Salinometer-pots, — There  is  a  salinometer-pot 
of  approved  pattern  for  each  boiler,  fitted  in  an 
accessible  position  and  suitably  connected. 
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Auxiliary  boiler, — There  is  one  cylindrical 
horizontal  retum-tnbular  boiler  for  auxiliary 
purposes  in  after  fire-room.  It  is  made  of  open- 
hearth  steel  for  a  working  pressure  of  i6o  pounds 
by  gauge.  The  dimensions  are  as  follows:  8 
feet  6  inches  diameter,  8  feet  3  inches  long,  with 
two  corrugated  furnaces  2  feet  8  inches  inside 
diameter,  and  5  feet  10  inches  long  and  ^  inch 
thick.  Shell-plates  in  one  length  \\  inch  thick, 
with  double-riveted  double  butt-straps.  The 
end  plates  above  tubes  are  ^  inch  thick  and 
properly  stayed.  Remainder  of  plates  ^^  inch 
thick.  There  are  88  tubes  3  inches  outside 
diameter.  Smoke-boxes  and  uptakes  are  simi- 
lar to  main  boilers  and  smoke-pipe,  and  are 
carried  into  after  main  smoke-pipe. 

Auxiliary  Steam-pipes  and  Valves. — Bach 
boiler  stop-valve  chamber  has  an  auxiliary  stop- 
yalve  5  inches  diameter,  bolted  to  the  nozzle 
on  its  side  and  under  the  main  valve.  These 
valves  are  connected  by  an  auxiliary  steam-pipe 
of  5  inches  internal  diameter,  with  suitable 
branches  leading  to  the  pumps,  heaters,  distiller 
and  auxiliary  engines. 

A  branch  pipe  with  stop-valve  connects  main 
and  auxiliary  steam-pipes  in  each  engine-room. 

A  steam-gauge  in  brass  case,  with  4^  inch 
dial,  is  attached  to  the  auxiliary  steam-pipe  in 
each  engine-room  and  each  fire-room. 

Bleeder. — There  is  a  copper  pipe,  with  stop- 


ENGINES  OF  U.  S.  S.  PHILADELPHIA.      393 

valve  at  each  end,  5  inches  in  diameter,  leading 
from  the  main  steam-pipe  to  each  condenser. 
One  valve  in  each  engine-room  worked  from 
working-platform. 

Check-Valves, — Bach  boiler  has  two  feed 
check- valves,  2j^  inches  in  diameter,  having 
outside  screw-threads  on  their  stems;  chambers, 
valves  and  stems  of  composition. 

All  check- valves  have  internal  pipes. 

Blow-Valves. — Bach  boiler  has  a  bottom  blow- 
valve  of  composition  2j^  inches  in  diameter; 
also  a  surface  blow-valve  i  ^  inches  in  diameter. 
These  valves  are  connected  by  suitable  pipes  to 
the  sea-valves. 

The  bottom  blow-valves  have  internal  pipes 
leading  toward  the  bottoms  of  boilers,  the  sur- 
face blow-valves  have  pipes  leading  to  the  cen- 
ters of  boilers,  with  openings  about  i  inch  above 
the  highest  heating  surface. 

Feed  and  Blow-Pipes. — The  main  feed-pipes 
are  made  of  copper  tubes,  2%  inches  in  internal 
diameter,  and  in  sections  not  exceeding  12  feet 
in  length.  The  blow- pipes  are  2%  inches  in 
diameter.  The  branches  are  of  copper.  All 
nozzles  and  flanges  are  of  composition.  The 
several  sections  are  expanded  into  flanges,  then 
turned  over  and  brazed.  All  flanges  are  united 
by  forged  bolts  and  nuts  of  Tobin's  metal. 

Boiler  Stop-Valves. — The  stop- valves  are  non- 
return valves.     Bach  boiler  has  a  composition 
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stop- valve  chamber.  The  valve  is  ii  inches " in 
diameter,  fitted  with  a  screw-stem  of  composi- 
tion, made  to  turn  independently  of  the  valve, 
and  to  work  in  a  composition  nut  supported  by 
wrought-iron  studs  screwed  into  the  cover.  The 
valve  is  operated  by  a  composition  hand-wheel 
i6  inches  in  diameter.  Separate  provision  is 
made  for  working  all  boiler  stop-valves  from 
above  the  protective-deck. 

Main  Steam- Pipes. — The  steam-pipes  at  stop- 
valves  are  ii  inches  in  internal  diameter.  Th^ 
forward  pair  of  boilers  are  connected  by  a  sepa- 
rate I5j^-inch  pipe  to  forward  engines,  the  after 
pair  by  a  15^-inch  pipe  to  after  engines;  thes^ 
two  pipes  are  connected  by  a  15^-inch  pipe. 
These  pipes  are  of  copper,  the  several  sections 
united  to  each  other  and  to  the  separators  and 
valve-chambers  by  composition  flanges  of  suit-; 
able  size  and  thickness,  riveted  on  and  brazed.. 
Where  these  pipes  pass  through  water-tight 
bulkheads,  they  are  provided  with  approved 
provision  for  expansion. 

The  steam-pipes  and  flanges  are  covered  with, 
an  approved  non-conducting  material,,  covered 
and  protected  by  an  approved  water-tight  cover- 
ing; this  covering  is  secured  to  bulkheads  where, 
the  pipes  pass  through  them. 

Escape-pipes, — There  are  two  escape-pipes  of 
copper,  one  abaft  the  forward  and  one  abaft  the 
after  smoke-pipe,  extending  to  the  top  of  the  pipe  - 
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and  secured  to  it  There  is  one  auxiliary  escape- 
pipe  about  4  inches  diameter,  connected  with  the 
auxiliary  exhaust-main. 

Pipe-clothing, — All  main  and  auxiliary  steam- 
pipes,  exhaust-pipes,  the  separator  and  all 
steam-valves,  are  clothed  with  an  approved  non- 
conducting material,  covered  with  canvas  in 
double  thickness,  well  painted.  The  covering 
is  secured  to  bulkheads  where  the  pipes  pass 
through  them.  The  pipes  are  also  covered  with 
black-walnut  lagging  with  brass  bands.  Pipes 
in  fire-room  have  galvanized  sheet-iron  casings. 
•  Pipes  through.  Bulkheads.— P^XS.  pipes  where 
they  pass  through  water-tight  bulkheads  are  pro- 
vided with  stuffing-boxes,  or  made  tight  in  other 
manner. 

Boiler  drain-cocks, — There  is  a  drain-cock 
having  i^  inches  diameter  of  opening,  fitted  to 
each  end  of  each  boiler. 

Separators, — There  is  a  separator-  in  each 
main  steam-pipe,  fitted  with  an  automatic  trap,  a 
drain-pipe  and  valve  leading  to  feed-tank,  to 
bilge  and  overboard,  and  a  glass  water-gauge  on 
the  side. 

Floor-Plates, — The  fire  and  engine-rooms  and 
their  passages  are  floored  with  wrought-iron 
plates  having  corrugations  on  the  upper  surface 
and  proper  ledges  and  drain-holes.  They  are  of 
wrpught-iron  %  inch  thick,  and  all  easily  re- 
movable. 
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Blowers, — The  fire-rooms  are  supplied  with 
air  by  means  of  blowers,  two  to  each  fire- room. 
Bach  blower  is  driven  by  its  own  engines  direct, 
and  is  capable  of  supplying,  with  ease  and  cer- 
tainty, sufficient  air  for  efficient  forced  draught 

Each  fire-room  ventilator  is  so  fitted  that  it  can 
be  easily  closed  from  fire-room  in  case  its  blower 
is  stopped. 

Ventilators, — Two  ventilators,  each  24  inches 
in  diameter,  are  fitted  in  each  fire-room.  They 
deliver  air  to  the  inlet  of  the  blowers  placed 
under  them.  They  have  movable  hoods  and 
are  made  of  iron  ^  inch  thick.  The  gears  for 
turning  the  hoods  are  of  composition. 

Four  ventilators,  18  inches  diameter,  are 
fitted — two  to  each  engine-room;  they  lead 
down  the  engine-room  hatches;  their  cowls  are 
worked  from  the  engine-room.  All  ventilator- 
cowls  are  made  of  copper  No.  12  B.  W.  G.,  un- 
planished. 

Ash'Hoists, — ^There  is  an  ash-hoist  arranged 
in  ventilators  of  each  fire-room,  and  a  means  for 
closing  them  when  an  air-pressure  is  required  in 
the  fire-room. 

There  is  an  approved  ash-hoisting  engine  for 
each  fire-room,  to  hoist  150  pounds  from  fire- 
room  floor  to  deck  in  five  seconds  with  60  pounds 
steam-pressure.  They  are  fitted  with  all  neces- 
sary connections,  including  whip,  and  with  a 
suitable  brake  to  control  the  drum. 
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From  each  ash-hoist,  on  the  upper  deck,  per- 
manent overhead  rails,  suitably  supported,  lead 
to  the  nearest  ash-chute  on  each  side  of  ship. 
Each  of  these  is  fitted  with  a  traveler  of  ap- 
proved design,  with  all  necessary  appliances  for 
carrying  the  ash-buckets.  At  the  top  of  each 
ash-chute  a  dumping-hopper  is  fitted,  so  arranged 
as  to  fold  up  out  of  the  way  when  not  in  use. 
The  ash-buckets  are  balanced  dump-buckets, 
with  gear  complete.  All  of  the  ash-hoisting  and 
dumping  gear  is  such  that  the  buckets  have  not 
to  be  lifted  by  hand.  A  speaking-tube  leads 
from  the  top  of  each  ash-hoist  to  fire-room. 

Air-tight  fire-rooms, — Supplementary  bulk- 
heads and  ceilings  of  light  galvanized  iron  are 
fitted  in  the  fire-rooms  for  the  purpose  of  reduc- 
ing the  capacity  of  the  space  to  be  put  under 
air-pressure.  The  ceiling  is  made  movable  be- 
neath hatches.  The  vertical  portion  is  provided 
with  openings  where  passage  ways  are  required, 
with  suitable  means  for  closing  them. 

All  permanent  and  temporary  joints  and  seams 
are  made  perfectly  air  tight 

HYDROKINETER. 

There  is  connected  to  each  boiler  a  Wier's 
hydrokineter,  for  circulating  water  in  the  boiler 
while  raising  steam,  proper  connections  being 
made  to  auxiliary  steam-pipe. 


CHAPTER  XXVIII. 

EXAMPI.ES  OF  RECENT  ENGINES. 

Triple  Expansion  Engines  of  the  Ocean  Tug 

Triton. 

Fig.  •]*]  shows  the  engines  of  the  ocean  tug 
*' Triton,"  built  by  the  Atlantic  Works,  East 
Boston,  Mass.,  and  owned  by  Capt.  Fred  Luck- 
enbach,  of  New  York.  The  vessel  is  a  fine 
representative  of  a  new  and  staunch  type  of  tug, 
especially  adapted  for  sea  service,  with  a  length 
of  130  ft.  10  in.,  beam  26  ft.  6  in.,  depth  of  hold 
14  ft.  6  in.,  and  draught  13  ft.  6  in.,  the  hull 
being  of  white  oak,  copper  fastened.  The  en- 
gines are  of  the  inverted  vertical  triple  expan- 
sion description,  with  a  high  pressure  cylinder 
of  15^  in,  diameter,  intermediate  pressure 
cylinder  of  24  in.  diameter,  and  low  pressure 
cylinder  of  40  in.  diameter,  and  a  thirty  inch 
stroke.  The  cylinders  are  of  hard-grained  cast 
iron,  with  the  valve  faces  separate  and  bolted 
on.  The  crossheads  are  of  wrought  iron,  with 
journals  forged  on,  and  gibs  of  cast  iron,  bab- 
bitted. The  connecting  rods  are  of  wrought 
iron,  and  the  line  shaft  is  of  wrought  iron,  8^ 
in.  diameter.     The  piston  rods  are  of  mild  steel, 
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Fig,  77.— Tbifi^  Expansion  Engi 


,  ^ssansa  for  the  Oceam  Tug  Triton. 
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3^  in.  diameter.  The  surface  condenser  forms 
a  part  of  the  framing,  and  has  950  square  feet  of 
cooling  surface.  Each  engine  has  an  indepen- 
dent cut-off,  the  connection  of  links  to  eccentric 
rods  and  to  valve  stem  being  adjustable,  so  that 
each  link  may  be  adjusted  independently,  and  a 
steam  reversing  gear  is  provided,  operated  by  a 
lever  in  the  engine  room.  The  screw  is  of  cast 
iron,  10  ft.  in  diameter.  The  boiler  is  of  the 
Scotch  flue  type,  13  ft.  6  in.  diameter  and  11  ft. 
3  in.  long,  and  is  built  for  a  working  pressure  of 
156  lb.  per  square  inch.  The  machinery  is  all 
strongly  built  and  well  finished.  There  is  no 
extra  work  for  ornamentation,  but  every  part 
has  the  appearance  of  solidity,  and  is  evidently 
intended  to  give  a  high  degree  of  efiiciency. 
The  indicated  horse  power  on  trial  was  720. 
The  design  of  the  engines  and  arrangement 
of  the  cylinders,  the  high  pressure  being  inde- 
pendent from  the  intermediate,  is  the  design  of 
James  T.  Boyd,  constructing  engineer  of  the 
Atlantic  Works. 

WELLS  PATENT  BALANCED  COMPOUND  AND 
QUADRUPLE  EXPANSION  ENGINES. 

Pigs.  78  and  79  show  a  Wells  engine  with  a 
** natural''  balance  in  weight  of  the  two  pistons, 
and  their  connections,  at  all  angles  of  the  cranks 
and  at  all  speeds,  also  a  balance  of  steam  pres- 
sures.    Equal  weight  being  attached  to  opposite 
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sides  of  the  crank  shaft  moving  in  opposite 
directions  (in  the  same  plane),  the  thrust  of  one 
is  perfectly  counteracted  by  that  of  the  other, 
producing  a  perfect  equilibrium  and  preventing 
vibration.  While  the  weight  of  the  moving 
parts  in  a  single  acting,  or  on  an  unbalanced 
engine,  retards  the  motion  of  the  shaft,  by  this 
method  it  is  accelerated.  An  equal  weight  be- 
ing attached  to  opposite  crank  pins,  revolving 
around  the  shaft  in  the  same  plane,  acts  the 
same  as  a  fly  wheel,  in  carrying  it  over  the  cen- 
tres, producing  a  rotary  motion.  Practice  proves 
that  it  is  far  less  liable  to  stop  on  the  centers, 
which  is  owing  to  equal  weights  of  the  pistons 
and  their  connections. 

Steam  is  admitted  simultaneously  to  the  bot- 
tom of  the  H.  P.  and  to  the  top  of  the  L.  P. 
cylinders,  and  vice  versa.  The  force  on  one 
cylinder-head  is  counteracted  by  an  equal  force 
on  the  other.  Hence  there  can  be  no  strains 
transmitted  to  the  frame,  and  thence  to  the  main 
bearing  boxes.  The  ascending  steam  force  on 
the  small  piston  is  equaled  by  a  descending  steam 
force  on  the  large  piston,  which  transfers  the 
fulcrum  from  the  main  boxes  to  the  crank  shaft, 
concentrating  the  whole  force  in  the  shaft  for 
useful  effect.  The  main  bearing  boxes  being 
relieved  of  the  steam  pressures,  and  also  the 
thrust  of  the  rods,  their  life  will  be  made  almost 
unlimited,  as  they  will  only  be  subject  to  the 


Fig.  78. 
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Fig.  79. 
D  Quadruple  Expansion  Engine. 
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friction  and  wear  due  to  the  weight  of  the  shaft, 
which  prevents  heating  and  the  liability  to  get 
out  of  line.  The  following  shows  the  relief 
afforded  in  an- engine  of  medium  power.  For 
example,  take  an  185^36  with  an  initial  pressure 
of  100  pounds.  Main  bearings  are  relieved  ot  17 
tons  of  steam  pressiire  at  each  stroke  of  the  pis- 
tons, and  also  the  thrust  of  the  rods,  at  a  velo^ 
city  of  500  per  minute,  gives  a  total  relief  of  21 
tons  per  stroke.  It  will  readily  be  seen  that  the 
greater  the  power  required  the  more  important 
it  is  to  obtain  a  balance.  It  will  also  be  seen,  by 
perfectly  balancing  the  moving  parts,  as  is  done 
in  this  case,  no  power  is  lost  in  lifting  the  weight 
or  forcing  up  the  pistons.  And  for  the  same 
reason  uniformity  of  motion  is  obtained,  insur- 
ing great  durability.  Another  very  important 
feature  of  the  principle  is  that  the  hull  of  the 
vessel  is  relieved  of  all  strains  (from  the  force 
applied)  excepting  the  pressure  from  the  screw. 
Quadrupled  for  high  steam  pressure,  this  engine 
occupies  one-third  less  space  than  the  ordinary 
triple.  The  important  advantages  to  be  derived 
by  using  steam  upon  the  balance  principle  is 
practically  unknown,  for  the  reason  that  hereto- 
fore no  engine  has  been  constructed  to  obtain  a 
balance  that  did  not  embrace  grave  mechanical 
objections.  Hence  there  was  no  means  of  put- 
ting it  to  practical  test,  until  this  design  was 
put    in    use.     The    principle   demonstrates  in 
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practice  an  important  gain  in  power,  great  dura- 
bility, uniformity  of  motion,  and  the  absence  of 
all  vibration. 

MODERN  HIGH  SPEED  YACHT  ENGINES. 

The  increasing  interest  now  taken  in  steam 
yachting  has  necessitated  a  better  class  of 
machinery  than  heretofore.  Speed  is  now  of 
the  first  importance,  though  most  owners  are  par- 
ticular about  the  appearance  of  their  engines 
and  wish  them  to  be  as  attractive  as  possible. 
Fig.  80  represents  a  triple  expansion  engine 
built  by  John  W.  Sullivan,  New  York,  and  is  a 
fair  example  of  the  high  grade  of  work  turned  out 
by  this  shop.  The  cylinders  are  all  three  in  one 
casting  so  as  to  save  weight,  the  back  of  columns, 
which  carry  the  guides  for  the  crossheads,  are  all 
cast  hollow  of  steel,  and  the  bed  plate  is  also  of 
steel  for  the  same  reason.  Piston  valves  are 
used  throughout  driven  by  Bremme  gear,  so  that 
the  engine  is  very  open  in  appearance,  easy  of 
access  and  greatly  simplified.  I^ight  steel  col- 
umns support  the  front  of  the  cylinders,  which 
being  polished  add  greatly  to  the  appearance  of 
the  engine.  The  crank  shaft  and  eccentrics  are 
forged  steel  in  one  piece,  while  the  connecting 
and  piston  rods,  valve  gear  and  all  bolts  and 
nuts,  are  also  steel.  The  connecting  rods  are 
bored  through  the  centre  in  order  to  further  re- 
duce the  weight.     The  air  and  two  feed  pumps 
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are  a  single  bronze  casting,  motion  being  ob- 
tained from  the  low  pressure  engine  through  the 
medium  of  light  steel  levers  and  links.  The 
thrust  bearing  is  arranged  on  the  after  end  of 
the  engine  bed,  where  it  is  under  the  immediate 
supervision  of  the  engineer.  The  space  occu- 
pied by  these  engines  fore-and-aft  is  one-third 
less  than  is  required  for  the  ordinary  style  of  con- 
struction, while  the  entire  engine  can  be  oiled 
and  inspected  from  the  starting  platform.  On  a 
recent  trial  of  one  of  the  small  sizes  of  these  en- 
gines some  remarkable  results  were  obtained. 
The  diameters  of  the  cylinders  were  5,  8  and  13 
inches  respectively,  with  a  common  stroke  of  8 
inches.  With  a  boiler  pressure  of  200  pounds, 
the  number  of  revolutions  made  was  400,  which 
is  equal  to  a  piston  speed  of  533  feet  Calculated 
percentage  of  admission,  small  cylinder  70,  inter- 
mediate cylinder  60,  large  cylinder  70.  Horse 
power  estimated  38,  39^  and  40^,  respectively, 
or  118  horse  power  altogether.  The  entire 
weight  of  engine  including  air  and  two  feed 
pumps  is  2,480  pounds.  The  propeller  was  38 
inch  diameter  by  6  feet  pitch,  and  the  speed 
attained  was  over  17  miles  per  hour.  The 
vacuum  maintained  was  26  inches,  which  is  very 
remarkable  considering  the  high  number  of  rev- 
olutions, while  the  engines  were  absolutely 
noiseless  and  developed  no  tendency  to  heat  or 
cause   trouble   in  any   way.     On   the  score   of 
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economy  these  engines  make  a  most  satisfactory 
showing,  furnishing  a  horse  power  for  1.61 
pounds  coal  per  hour,  which  is  equivalent  to 
less  than  one  ton  of  coal  for  ten  hours  steaming, 
or  a  distance  run  of  about  190  miles.  The  repu- 
tation gained  by  Mr.  Sullivan  in  the  manufac- 
ture of  light  yacht  engines  is  an  enviable  one. 

Fig.  81  shows  a  triple-expansion  engine  for 
steam*  yachts,  by  Messrs.  Riley  and  Cowley  of 
New  York,  who  have  met  with  great  success 
with  these  engines.  They  have  fitted  them  on 
board  a  large  number  of  fine  yachts,  to  the  great 
satisfaction  of  all  concerned. 

It  will  be  noticed  that  this  engine  presents  a 
very  open  front,  enabling  attendant  to  adjust  and 
inspect  working  parts  at  all  times  with  facility, 
and  allowing  of  repairs  to  be  made  without  pull- 
ing engine  apart.  One  of  the  marked  features  of 
these  engines  is  the  entire  absence  of  vibration, 
even  at  highest  speeds.  This  is  due  to  the  care 
with  which  the  reciprocating  parts  are  balanced. 
The  ports  and  passages  are  so  proportioned  that 
excessive  speeds  are  possible  without  undue 
frictional  resistance  to  steam  in  passing  through 
them.  The  engine  being  free  from  pumps,  de- 
livers its  full  power  to  the  propeller,  while  the 
pumps  being  independent,  may  be  adjusted  to 
their  work.  It  is  self-contained,  and  of  exceed- 
ing light  weight. 


t  Steam  Vachts 


CHAPTER  XXIX. 

TRIPLE-EXPANSION  ENGINES,  S.  S.  ''COLUMBIA," 
12,000  I.  H.  P.  (ENGLISH.) 

The  screws  are  revolved  by  two  sets  of  en- 
gines, each  set  capable  of  developing  6,250  horse 
power.  The  cylinders  are  40,  66  and  loi  inches 
in  diameter,  stroke  66  inches.  They  are  car- 
ried on  extremely  massive  double-legged  box 
columns.  The  bed  plate  and  columns  are  un- 
usually strong;  in  fact,  it  is  not  difficult  to  see 
that  all  the  machinery  is  of  dimensions  very 
much  in  excess  of  that  actually  required.  The 
wisdom  of  this  was  well  illustrated  when  these 
enormous  engines  were  running  at  full  speed. 

Steel  is  freely  used  in  the  moving  parts  of  the 
machinery.  The  reversing  gear  is  very  rapid 
and  noiseless  in  its  action.  The  shafting  is  of 
steel,  and  is  hollow.  The  crank  shaft  is  20^ 
inches  diameter,  the  tunnel  and  propeller  shaft- 
ing being  igj4  inches  and  20j^  inches  in  diame- 
ter respectively.  The  thrust-block  is  unusually 
large,  and  is  of  the  adjustable  open  "horseshoe" 
patent.  The  glands  in  the  engines  are  packed 
with  metallic  packing,  and  throughout  the  long 
trip,  with  the  engines  at  full  speed  the  whole 
time,  all  the  glands  not  only  remained  tight,  but 
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the  piston  and  slide  rods  were  as  bright  as  pos- 
sible, and  no  trouble  was  experienced  on  this 
head  whatever. 

The  slides  for  the  H.  P.  and  I.  P.  cylinder  are 
of  the  piston  type,  and  in  the  L.  P.  cylinder  the 
long  D  slide  is  fitted  with  a  balance  back.  All 
the  slide  rods  are  balanced.  The  slide  valves 
are  worked  by  the  ordinary  link  motion  of  the 
single  bar  type.  Tail  end  piston  rods  for  the 
cylinders  are  not  fitted,  but  the  shoes  on  the 
piston  rod  heads  and  the  guide  plate  of  the 
column  are  given  very  large  surfaces.  The  pis- 
tons themselves  are  very  deep.  Condensers  are 
placed  at  the  back  of  the  engines,  and  are  of  the 
usual  surface  pattern.  The  air  pumps  are  driven 
by  a  rocking  lever  off  the  H  and  ly  cross  heads. 
These  are  the  only  engines  driven  in  connection 
with  the  main  engines.  Bilge  feed  and  each 
circulating  pump  are  driven  by  a  pair  of  inde- 
pendent engines,  made  to  a  special  design. 
There  are  two  three-bladed  steel  propellers, 
their  diameter  being  i8  feet  and  3a  feet  pitch. 
The  total  blade  area  is  96  square  feet,  and  the 
total  disk  area  is  509  square  feet.  The  bosses 
are  of  steel,  and  are  4  feet  6  inches  in  diameter. 

There  are  9  boilers,  in  three  groups  of  three 
each,  and  each  group,  together  with  its  coal 
supply,  is  placed  in  a  separate  water-tight  com- 
partment  Six  of  these  boilers  are  17  feet  3 
inches  Ibng,  and  15  feet  4  inches  diameter,  and 
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the  remaining  three  are  the  same  length,  but  14 
feet  three  inches  in  diameter.  All  the  boilers 
are  double-ended.  The  total  heating  surface  is 
35,ocx)  square  feet,  and  total  grate  area  1,220 
square  feet.  The  working  pressure  of  steam  is 
150  pounds  per  square  inch.  Each  group  of 
boilers  is  supplied  with  a  separate  feed-pump 
and  temperature  compensator  or  feed  heater. 
Feed  injectors  are  also  fitted  to  each  boiler. 
The  main  steam  pipes  are  so  arranged  that  any 
one  boiler  or  group  of  boilers  can  be  used  or 
shut  off  as  the  case  may  be.  These  engines  are 
given  here  as  an  example  of  the  best  English 
practice. 


CHAPTER  XXX. 

A  COMPOUND   MARINE   ENGINE. 

Figs.  83  and  84  show  a  very  remarkable  set 
of  compound  engines  lately  completed  for  the 
Italian  armor-clad  ship,  Ruggiero  di  Laura^  at 
the  shops  of  Maudslay,  Sons  &  Field,  of  l^ondon, 
England,  from  the  designs  of  Mr.  Charles  Sells, 
the  head  of  the  Engineering  Department  of  that 
firm.  The  engines  are  of  the  three-cylinder 
compound  type,  having  a  high-pressure  cylinder 
61  in.  in  diameter  and  two  low-pressure  cyl- 
inders 80  in.  in  diameter  each;  the  stroke  of  all 
being  39  in.  As  shown  in  Fig.  84,  the  high- 
pressure  cylinder  is  set  in  the  middle,  with  a 
low-pressure  cylinder  on  each  side.  The  engines 
are  upright  and  act  directly  upon  the  shaft,  the 
cranks  being  set  120°  apart.  The  framework  is 
entirely  of  steel  and  is  thoroughly  braced  to- 
gether, so  as  to  secure  the  greatest  possible 
rigidity,  combined  with  lightness,  and  in  this 
way  it  has  been  found  possible  to  obtain  great 
power  with  a  very  moderate  weight  With  the 
exception  of  the  cylinders,  steel  and  gun-metal 
are  the  only  materials  entering  into  the  con- 
struction of  the  engines. 

The  valve-gear  of  these  engines  is  of  the  Joy 
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pattern,  fitted  on  the  sHng-link  plan,  in  which 
the  sliding  block  is  replaced  by  an  oscillating 
link.     This  type  of  gear  is  preferred  for  large 


engines  m  preference  to  the  ordinary  Joy  gear, 
which  is_  considered  more  suitable  for  small  en- 
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gines.  An  ontline  of  the  valve-gear  is  shown  in 
the  smaller  cut,  and  its  operation  will  be  readily 
understood  from  this  diagram.  The  sling-link 
D  is  suspended  from  a  horseshoe  lever  E^  which 
is  supported  in  the  fixed  trunnion  bearings  F. 
The  position  of  the  horseshoe  lever  controls  the 
cut-off  and  the  direction  of  the  motion,  and  this 
position  is  controlled  by  the  main  reversing 
lever  G,  a  screw  adjustment  B  being  provided 
for  the  high-pressure  cylinder,  in  order  to  give 
facilities  for  adjusting  the  proportion  of  cut-off 
in  this  and  the  two  low-pressure  cylinders. 
Motion  is  transmitted  to  the  valve-lever  /  and 
the  connecting-rod  C  by  means  of  a  connecting- 
lever  HK  suspended  from  the  rod  A.  This  ar- 
rangement of  levers  constitutes  a  kind  of  parallel 
motion  and  insures  a  correct  cut-off  both  in  for- 
ward and  backward  gear. 

The  contract  for  these  engines  provided  that 
they  should  develop  at  least  10,000  H.  P.,  but 
on  the  official  trial  trips,  in  the  Gulf  of  Spezia, 
they  attained  a  maximum  of  12,000  indicated 
H.  P.,  and  the  average  for  the  whole  trial  was 
11,400  indicated  H.  P.  The  engines  thus 
showed  a  result  of  14  per  cent,  in  excess  of  the 
contract  requirements. 


Fig.  Si.    Co*:pound  Engines  o 


jfjU.iAN  Ckuisbr  "Ruggibro  di  Laura." 


COMPOUND  MARINE   ENGINES.  41I 

DESCRIPTION    OF    THE    TRIPLE-EXPANSION    EN- 
GINES OF  THE  SOUTH    AFRICAN    MAII, 
STEAMER    ''dUNOTTAR  CASTLE." 

Built  and  Engined  by  the  Fairfield  Shipbuilding 
and  Engineering  Company^  Limited^ 

Glasgow. 

These  engines,  (Fig.  85)  which  are  of  the  usual 
Fairfield  type,  have  three  inverted  cylinders  and 
three  cranks.  The  high-pressure  cylinder  is  38 
inches  in  diameter,  the  medium-pressure  cylinder 
61^  inches,  and  the  low-pressure  cylinder  100 
inches,  each  adapted  for  a  piston  stroke  of  5ft.  6 
in.  The  high-pressure  cylinder  is  fitted  with  a 
piston-valve,  and  the  medium  and  low-pressure 
cylinders  are  each  fitted  with  a  double-ported 
slide-valve,  all  of  which  are  worked  by  double- 
eccentrics  and  link-motion.  There  is  a  special 
double-beat  valve,  with  hand-gear  for  regulating 
the  supply  of  steam  to  the  engines,  and  a  separate 
throttle-valve  worked  by  the  governor.  The 
reversing  of  the  engines  is  effected  by  one  of 
Messrs.  Brown  Brothers  &  Co.'s  steam  and 
hydraulic  reversing  engines.  The  bilge-feed 
and  air-pumps  are  driven  off  the  crossheads  of 
the  high-pressure  and  low-pressure  engines. 

The  crankshaft  is  in  three  pieces,  each  piece 
being  built  and  interchangeable.  This  shaft, 
together  with  the  thrust,  tunnel,  and  propeller 
shafts,  are  forged  of  Siemens-Martin  mild  steel, 
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and  have  been  supplied  by  Messrs.  Vickers,  Sons 
&  Co. ,  Limited,  SheflSield.  The  diameter  of  the 
shaft  is  i8j^  inches,  and  of  the  propeller  shaft 
2ojS^  inches,  both  being  hollow.  The  thrust 
block  is  of  the  horse-shoe  type,  with  internal 
water-circulating  arrangement,  the  shoes  being 
hollow.  The  screw  propeller  has  four  blades  of 
cast  steel ;  the  boss  is  also  of  cast  steel,  the  whole 
being  supplied  by  Messrs.  Vickers,  Sons  &  Co., 
Limited. 

The  watefr  for  condensing  the  steam  is  circu- 
lated through  the  surface  condenser  by  two  large 
centrifugal  pumps,  each  with  an  independent  en- 
gine and  combined  on  one  bed-plate. 

The  boilers  for  supplying  steam  to  the  engines 
are  four  in  number,  each  being  15  ft.  3  in.  in 
diameter  and  18  ft.  8  in.  long;  they  are  multi- 
tubular, and  fired  from  both  ends,  and  arranged 
with  two  funnels.  Each  boiler  has  six  Fox's 
corrugated  furnaces,  making  a  total  of  twenty- 
four  furnaces  for  all  the  boilers,  and  each  furnace 
is  3  ft.  8  in.  in  diameter.  The  boilers  are  con- 
structed entirely  of  steel,  and  adapted  for  a 
working-pressure  of  160  lbs.  per  square  inch. 
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Prbssure. 


By 

Steam 

Totol. 

Gauge. 

O 

15 

5 

20 

lO 

25 

15 

30 

20 

35 

25 

40 

30 

45 

35 

50 

40 

55 

45 

60 

50 

65 

55 

70 

60 

75 

65 

80 

70 

85 

75 

90 

80 

95 

85 

100 

90 

105 

95 

no 

100 

"5 

no 

125 

120 

135 

130 

145 

140 

155 

150 

165 

160 

175 

i7o 

185 

180 

195 

Temper- 
ature in 
Fahren- 
heit De- 
grrees. 


212,0 
228.0 
240.1 
250.4 

259.3 
267.3 

274.4 
281.0 
287.1 
292.7 
298.0 
302.9 

3075 
312.0 

316.I 
320.2 

324.1 
327.9 
331.3 
334.6 
338.0 
344.2 
350.1 
355.6 
361.0 
366.0 
370.8 

375.3 
379-7 


VOLUICE.              1 

ToUl  Heat 

Latent 

required  to 

generate  i  lb. 

Com- 

Cubic 

Heat  iu 

o<  Steam 

pared 

Feet  of 

Fahren- 

from Water 

with 

Steam 

heit  De- 

at 32  deg;.  un- 

Water. 

from  I  lb. 

grees. 

der  constant 

of  Water. 

pressure. 

In  HeatUnits. 

1642 

26.36 

9652 

1 146. 1 

1229 

19.72 

952.8 

1 150.9 

996 

15.99 

945.3 

1 154.6 

838 

13.46 

937.9 

II57.8 

726 

11.65 

931.6 

1 160.5 

640 

10.27 

926.0 

1 162.9 

572 

9.18 

920.9 

1 165. 1 

518 

8.31 

916.3 

1167.1 

474 

7.61 

912.0 

1 169.0 

437 

7.01 

908.0 

1 170.7 

405 

6.49 

904.2 

II72.3 

378 

6.07 

900.8 

1 173.8 

353 

5.68 

897.5 

II75.2 

333 

5.35 

8943 

I176.5 

3M 

5.05 

891.4 

II77.9 

298 

4-79 

888.5 

1 179. 1 

283 

4.55 

885.8 

1 180.3 

270 

4.33 

883.1 

I181.4 

257 

4.14 

880.7 

I182.4 

247 

3-97 

878.3 

I183.5 

237 

3.80 

875.9 

1 184.5 

219 

3.51 

871.5 

1 186.4 

203 

3.27 

867.4 

1188.2 

190 

3.06 

863.5 

1 189.9 

179 

2.87 

859.7 

II91.5 

169 

2.71 

856.2 

1 192.9 

159 

2.56 

852.9 

1194.4 

151 

2.43 

849.6 

1 195.8 

144 

2.31 

846.5 

1 197.2 
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TABLE  SHOWING  THE  DIAMETERS  AND  AREAS  OP  CIRCI,BS. 

SIZE. 

AREA. 

SIZE. 

AREA. 

SIZE. 

AREA. 

i 

0.0123 

16 

201.06 

54 

2290.2 

i 

0.0491 

i 

213.82 

55 

2375.8 

i 

0.II04. 

17 

226.98 

56 

2463.0 

1 

0.1963 

i 

240.53 

57 

2551.8 

0.3068 

18 

254.47 

58 

2642.1 

} 

O./I418 

i 

268.80 

59 

2734.0 

0.6013 

19 

283.53 

60 

2827.4 

I 

07854 

i 

298.65 

61 

2922.5 

i 

0.9440 

20 

314.16 

62 

3019.1 

•   ■ 

1.227 

i 

330.06 

63 

3II7.2 

J    . 

1.485 

21 

346.36 

64 

3217.0 

1   ■ 

1.767 

i 

36305 

65 

3318.3 

i 

2.074 

22 

380.13 

66 

3421.2 

f 

2.405 

i 

397.61 

67 

3525.7 

i 

2.761 

^^1 

415.48 

68 

3631-7 

2 

3- 142 

i 

433.73 

69 

3739-3 

•  ■ 

3.976 

^^r 

452.39 

70 

3848.5 

1  ■ 

4.909 

i 

471-43 

71 

3959.2 

1 

5-939 

25 

490.87 

72 

4071.5 

3 

7.068 

26 

530.93 

73 

4185.4 

8.296 

27 

572.56 

74 

4300.8 

1  ■ 

9.621 

28 

615.75 

75 

4417.9     . 

1 

11.044 

29 

660.52 

76 

4536.5 

4 

12.566 

30 

706.86 

77 

4656.7 

i 

15.904 

31 

754.77 

78 

4778.4 

5 

19635 

32 

804.25 

79 

4901.7 

i 

23.758 

33 

855.30 

80 

5026.6 

6 

28.274 

34 

907.92 

81 

5153-0 

i 

33.183 

35 

962.11 

82 

5281.0 

7, 

38.484 

36 

1017.9 

83 

5410.6 

i 

44.179 

37 

1075.2 

84 

5541.8 

8 

50.265 

38 

I 134. I 

85 

5674.5 

i 

56.745 

39 

1 194.6 

86 

5808.8 

9 

63.617 

40 

1256.6 

87 

5944.7 

i 

70.822 

41 

1320.2 

88 

6082.1 

lo 

78.54 

42 

1385.4 

89 

6221. 1 

i 

86.59 

43 

1452.2 

90 

6361.7 

II 

95.03 

44 

1520.5 

91 

6503-9 

i 

103.87 

45 

1590.4 

92 

6647.6 

12 

113.10 

46 

1661.9 

93 

6792.9 

i 

122.72 

47 

1734.9 

94 

6939.8 

13 

132.73 

48 

1809.6 

95 

7088.2 

i 

143.14 

49 

1885.7 

96 

7238.2 

14 

153.94 

50 

1963.5 

97 

7389.8 

i 

165.13 

51 

2042.8 

98 

7543.0 

15 

176.71 

52 

2123.7 

99 

7697.7 

i 

188.69 

53 

2206.2 

100 

7854.0    . 
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Table  of  Squares,  Cubes,  Square  cmd  Cube  Roots  of  Kumhtn, 


Cobes. 

Squares. 

Number. 

Square  Boots. 

Cube  Roots. 

1 

1 

1 

1-0000000 

1-0000000 

8 

4 

2 

1-4142136 

1-2599210 

27 

9 

3 

1-7320508 

1-4422496 

64 

16 

4 

2-0000000 

1-5874011 

125 

25 

5 

2-2360680 

1-7099759 

216 

36 

6 

2-4494897 

1-8171216 

343 

49 

7 

2-6457513 

1-9129312 

612 

64 

8 

2-8284271 

2-0000000 

729 

81 

9 

3-0000000 

2-0800837 

1000 

100 

10 

3-1622777 

2-1544347 

1331 

121 

11 

3-3166248 

2-2239801 

1728 

144 

12 

3-4641010 

2-2894286 

■  2-197 

169 

13 

3-6055513 

2-3513347 

£744 

196 

14 

3-7416574 

2-4101422 

3375 

225 

15 

3-8729833 

2-4262121 

4096 

256 

16 

4-0000000 

2-5198421 

4913 

289 

17 

41231056 

2-6712816 

6832 

324 

18 

4-2426407 

20207417 

6859 

361 

19 

4-3588989 

2GG84016 

8000 

400 

20 

4-4721360 

2-7144177 

9261 

441 

21 

4-5825757 

2-7589243 

10648 

484 

22 

4-6904158 

2-8020393 

12167 

629- 

23 

4-7958315 

2-8438670 

13824 

576 

24 

4-8989795 

2-8844991 

15625 

625 

25 

5  0000000 

2-9240177 

17576 

676 

26 

5-0990195 

2-9624960 

19683 

729 

27 

5-1961524 

3-0000000 

21952 

784 

28 

5-2915026 

3-0365889 

24389 

841 

29 

5-3851648 

3-0723168 

27011 

900 

30 

6  4772256 

3-1072325 

29791 

961 

31 

5-5677644 

3-1413806 

32768 

1024 

32 

50568542 

3-1748021 

35937 

1089 

33 

5-7445626 

3-2075343 

39304 

1156 

34 

5-8309519 

3-2396118 
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Table  pf  Squam^  Cuba,  ^r.— Contiiraed. 


Oabes. 

SqowM. 

Nambor 

flquareBootL 

Cube  Boom. 

42875 

1225 

35 

5-9164798 

3-2710663 

46656 

1296 

36 

60000000 

3-3019272 

60653 

1369 

37 

60827625 

3-3322218 

64872 

1444 

38 

61644140 

3-3619754 

59319 

1521 

39 

6-2449980 

3-3912114 

64000 

1600 

40 

6  3245563 

3-4199619 

68921 

1681 

41 

6-4031242 

3-4482172 

74088 

1764 

42 

6-4807407 

3-4760266 

79507 

1849 

43 

65674385 

3-6033981 

85184 

1936 

44 

6-6332496 

3-5303483 

91125 

2025 

45 

6-7082039 

3-5568933 

97336 

2116 

46 

6-7823300 

3-5830479 

103823 

2209 

47 

6-8666546 

3-6088261 

110592 

2304 

48 

6-9282032 

3-6342411 

117049 

2401 

49 

70000000 

3-6593057 

125000 

'2500 

50 

7-0710678 

3-6840314 

132051 

2601 

51 

71414284 

3-7084298 

140608 

2704 

52 

7-2111026 

3-7325111 

148877 

2809 

53 

7-2801099 

3-7562850 

157404 

2916 

54 

7-3484092 

3-7797631 

166375 

3025 

55 

7-4161985 

3-8029526 

175616 

3136 

56 

7-4833148 

3-8258624 

185193 

3249 

57 

7-5498344 

3-8485011 

195012 

3364 

58 

7-6157731 

3-8708766 

205379 

3481 

59 

7-6811457 

3-8929965 

216000 

3600 

60 

7-7459667 

3-9147632 

226981 

3721 

61 

7-8102497 

3-9304972 

238328 

3844 

62 

7-8740079 

3-9578915 

250047 

3969 

63 

7-9372539 

3-9790571 

262144 

4096 

64 

8-0000000 

40000000 

274625 

4225 

65 

80622577 

4-0207256 

287496 

4356 

CO 

8-1240384 

40412401 

300763 

4489 

67 

8-1853528 

40615480 

314432 

4624 

68 

8-2402113 

4-0816551 
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Table  of  iiquttra.  Cubes,  ^c, — Continaed. 


CabM. 

BqtuuTM. 

Namb«r. 

Square  Roots. 

Cab«  Roots. 

328509 

4761 

69 

8-3066239 

4-1015661 

343000 

4900 

70 

8-3666003 

4-1212853 

367911 

5041 

71 

8*4261498 

4-1408178 

373248 

5184 

72 

8-4852814 

4-1601676 

389017 

5329 

73 

8-5440037 

4-1793390 

405224 

5476 

74 

8-6023253 

4-1983364 

421875 

5625 

75 

8-6602540 

4-2171633 

438976 

5776 

76 

8-7177979 

4-2358286 

456533 

5929 

77 

8-7749644 

4-2543210 

474552 

6084 

78 

8-8317609 

4-2726586 

493039 

6241 

79 

8-8881944 

4-2908404 

512000 

6400 

80 

8-9442799 

4-3088695 

531441 

6561 

81 

9-0000000 

4-3267487 

651368 

6724 

82 

90553851 

4-3444815 

571787 

6889 

83 

91104336 

4-3620707 

692704 

7056 

84 

9-1631514 

4-3795191 

614125 

7225 

85 

9-2195445 

4-3968296 

636056 

7396 

86 

9-2736185 

4-4140049 

658503 

7569 

87 

9-3273791 

4-4310476 

681472 

7744 

.  88 

9-3808315 

4-4470692 

704969 

7921 

89 

9-4339811 

4-4647451 

729000 

8100 

90 

9-4868330 

4-4814047 

753571 

8281 

91 

9-5393920 

4-4979414 

778688 

8464 

92 

9-5916630 

4-5143574 

804357 

8649 

93 

9-6436508 

4-5306540 

830584 

8836 

94 

9-6953597 

4-5468359 

857374 

9025 

95 

9-7467943 

4-5629026 

884736 

9216 

96 

9-7979590 

4-5788570 

912073 

9409 

97 

9-8488578 

4-5943009 

949912 

9604 

98 

9-8994949 

4-6104363 

970299 

9801 

99 

9-9498744 

4-6260650 

1000000 

10000 

100 

10-0000000 

4-6415888 

1030301 

10201 

101 

10-0498756 

4-6570095 

1061228 

10404 

102 

10-0995049 

4-6723287 
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Table  of  Squares,  Cubes,  ^e. — Contimied. 


OabM. 

8qaar«ft. 

Nvmlwr 

Sqoam  Boots. 

Cabolbioti. 

10927117 

10009 

103 

101488910 

4-6875482 

1124861 

10810 

104 

10-1980390 

4-7026694 

1157625 

11025 

105 

10-2469503 

4-7176940 

1191016 

11236 

106 

10-2956301 

4-7326235 

1225043 

11449 

107 

10-3440804 

4-7474594 

1259712 

11664 

108 

10-3923048 

4-7622032 

12950£9 

11881 

109 

10-4403065 

4-7768562 

1331000 

12100 

110 

10-4880885 

4-7914199 

1367631 

12321 

111 

10-5356538 

4-8058995 

1404928 

12524 

112 

10-5830052 

4-8202845 

1442897 

12769 

113 

10  0301458 

4-8343881 

1481344 

12996 

Hi 

10-0770783 

4-8488076 

1520875 

13C25 

115 

10-7238053 

4-8G29442 

1560896 

13456 

116 

10  7703296 

4-8769900 

1601613 

13089 

117 

10-8166538 

4-8909732 

1643032 

13924 

113 

10-8027805 

49048681 

1685159 

14161 

119 

10-9087121 

4-9186847 

1728000 

14400 

1£0 

10-9544512 

4-9324242 

17715G1 

14041 

121 

11-0000000 

4-9460874 

1815848 

14834 

122 

11-0453610 

4-0596757 

1860807 

15129 

123 

11-0905365 

4-9731898 

1906624 

15376 

124 

1M355287 

4-9866310 

1953125 

15625 

125 

1M803399 

5-0000000 

2000376 

15876 

126 

11-2249722 

6  0132979 

2048383 

16129 

127 

11-2694277 

6-0265257 

2097152 

16384 

128 

11-3137085 

5  0396842 

2146689 

16641 

129 

11-3578167 

60527743 

2197000 

16000 

130 

11-401754.5 

6  0657970 

2248091 

17161 

131 

11-4455231 

5-0787531 

2299968 

17424 

132 

11-4891253 

60916434 

2352637 

17089 

133 

11-5325626 

6-1044687 

2408104 

17956 

134 

11-5768369 

61172259 

2460376 

18225 

135 

11-6189500 

61299278 
51425632 

2615456 

18496 

136 

11-6619038 
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Table  of  Sqvaret,  Cvbet,  ^e.— Continued. 


Cnbes. 

Sqaam. 

Namber. 

Square  Rooto. 

...   ..^ 

CabeRooCib   j 

2571353 

18769 

137 

11-7046999 

51550367 

2628072 

19044 

138 

11-7473444 

5-1676493 

2685619 

19321 

139 

11-7898261 

5-1801015 

2744000 

19600 

140 

11-8321596 

5-1924941 

2803221 

19881 

141 

11-8743421 

5-2048279 

2863288 

20164 

142 

11-9163753 

5-2171034 

2924207 

20449 

143 

11-9582607 

5-2293315 

2985984 

20736 

144 

12-0000000 

5-2414828 

3048625 

21025 

145 

12-0415946 

5-2535879 

3112136 

21316 

146 

12-0830460 

5-2656374 

3176523 

21609 

147 

12-1243557 

5-2776321 

3241792 

21904 

148 

12-1655251 

5-2895725 

3307949 

22211 

149 

12-2065556 

5-3014592 

3375000 

22500 

150 

12-2474487 

5-3132928 

3442951 

22801 

151 

12-2882057 

5-3250740 

3511008 

23104 

152 

12-3288280 

5-3368033 

3581577 

23409 

153 

12-3693109 

5-3484812 

3652264 

23716 

154 

12-4096736 

5-3601084 

3723875 

24025 

155 

12-4498996 

5-3716854 

3796416 

24336 

156 

12-4899960 

5-3832126 

3869893 

24649 

157 

12-5299041 

5-3946907 

3944312 

24964 

158 

12-5098051 

5-4061202 

4019679 

25281 

159 

12-6095202 

5-4178015 

4096000 

25600 

100 

12-6401106 

5-4258352 

4173281 

25921 

161 

12-6885775 

5-4401218 

4251528 

26244 

162 

12-7279221 

5-4513618 

4330747 

26569 

163 

12-7671453 

6-4625556 

4410944 

26896 

164 

12-8062485 

5-4737037 

4492125 

27225 

165 

12-8432326 

5-4848066 

4574296 

27556 

166 

12-8840987 

5-4958647 

4657.463 

27889 

1C7 

12-9228480 

5-5068784 

4741632 

28224 

168 

12-9614814 

6-5178484 

4826809 

28561 

169 

13-0000000 

6-5287748 

4913000 

28900 

170 

13*0384048 

5'539658i 



420 


APPENDIX. 


9Ule  of  Squares,  Cubei,  fe, — CoBtinued. 


C«b«t. 

Sqvarcs. 

Number. 

SqiiAre  Boot*. 

CnbeBoota. 

5000211 

29241 

171 

13*0766968 

5-5504990 

5088448 

29584 

172 

131148770 

5-5612578 

5177717 

29929 

173 

131529464 

6-5720546 

5268024 

30276 

174 

13-1909060 

6-5827702 

5359375 

30625 

175 

13-2287566 

6-5934447 

5451776 

30976 

176 

13-2664992 

5-6040787 

5545233 

31329 

177 

13-3041347 

6-6146724 

5639752 

31684 

178 

13-3416641 

5-6252263 

5735339 

32041 

179 

13-3790882 

5-6357408 

5832000 

32400. 

180 

13-4164079 

5-6462162 

5929741 

32761 

181 

13-4536240 

5-6566528 

6028568 

33124 

182 

13-4907376 

5-6670511 

6128487 

33489 

183 

13-5277493 

6-6774114 

622)504 

33856 

184 

13-5646600 

5-6877340 

6331625 

34225 

185 

13-6014705 

6-6980192 

6434856 

34596 

186 

13-6381817 

6-7082675 

6539203 

34969 

187 

13-6747943 

6-7184791 

6644672 

35344 

188 

13-7113092 

5-7286543 

6751260 

35721 

189 

13-7477271 

5-738793G 

6859000 

36100 

190 

13-7840488 

5-7488971 

6967871 

36481 

191 

13-8202750 

5-7589652 

7077888 

36864 

192 

13-8564065 

5-7689982 

7189517 

37249 

193 

13-8924400 

6-7789966 

7301384 

37636 

194 

13-9283883 

6-7889604 

7414875 

38025 

195 

13-9642400 

6-7988900 

7529536 

38416 

196 

14-0000000 

6-8087857 

764537i 

38809 

197 

14-0356688 

5-8186479 

7762392 

39204 

198 

14-0712473 

5-828486T 

7880599 

39601 

199 

14-1067360 

5-8382725 

8000000 

40000 

200 

14-1421356 

5-8480355 
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Table  of  AjfpraximaU  Numhertf  for  variout  purpotm. 


Diameter  of  a  circle   X  8*1416 
Circumference     ««       X     '31831 
Piameter  «       X    '8362 

6ide  of  a  sqnare X  1*128 

Square  of  diameter    X     '7854 
Square  root  of  area    X  1 '12837 

Square  of  the  diaO       «  ,  ..- 
meter  of  a  sphere  /  ^ 

Cube  of  ditto X     '5236 

Diameter  of  a  sphere  X     '806 

Diameter  of  a  sphere  x     *6C67 

Square  inches X     '00695 

Cubic  inches X     '00058 

Cubic  feet X    '03704 

Cylindrical  inches...  X     '0004546 

Cylindrical  feet X     '02909 

Cubic  inches X     '003607 

Cubic  feet X     '6232 

Cylindrical  inches...  X     '002832 

Cylindrical  feet X  4-895 

183*346  circular  inches 

2200  cylindrical  inches 

Avoirdupois  pounds   X     '009 
AToirdupois  pounds  X     '00045 

tineal  feet X     '00019 

Lineal  yards. x    '000568 

86 


SB  the  eircumferonco. 

ass  the  diameter. 

as  the   side  of  an   oqaU 
square. 

Bs  the    diameter    of    an 

equal  circle. 
^  the  area  of  a  circle. 
8s  the  diameter  of  equal 

circle. 

ss  convex  surface. 

Bi  solidity. 

BS  dimensions    of    equal 
cube. 

^  length  of  equal  oyliii> 

der. 

BS  square  feet 

sss  cubic  feet. 

SB  cubic  yards 

ss  cubic  feet. 

as  cubic  yards. 

ss  imperial  gallons. 

as  " 

—  (i 

^  1  square  footi 

^  1  cubic  foot. 

BS  cwts. 

BS  tons. 

ss  English  statute 


Accidents  to  marine  engines, 

J>rime  causes  of,  297. 
amson's  flanged  joint,  239. 
•Air,  amount  of,  required  for 
the  burning  of  one  ton  of 
coal,  225. 
Air  and  bilge  pumps  of  the 
U.  S.  S.  Philadelphia,  375; 

376. 
Air  and  circulating  pumping 

engine,   independent,  187- 

189. 
Air  and  fuel,  admixture  of, 

224,  225. 
Air  pump,  broken,  306,  307. 
Air  pump,  table  of  the  ratio 

of  capacity  of  cylinder  or 

cylinders  to  that  of  the,  182. 
Air  pump,   the  single-acting 

vertical,  182. 
Air  pumps,  181,  182. 
Air-tight  fire-rooms  of  the  U. 

S.  S.  Philadelphia,  397. 
Air,  weight  of,  225. 
Almy  water  tube  boiler,  293- 

295. 

American  coals,  table  of  the- 
oretical value  of,  326. 

American  triple-expansion 
marine  engme,  working 
drawings  of  a  modem,  25, 
26. 

Annular  ring  method,  84-87. 

Areas  and  diameters  of  cir- 
cles, table  showing  the,  414. 

Armored    coast-defence    ves- 


sel, description  of  machin- 
ery for  an,  350-353- 
Armored    cruising    monitor, 

description    of   machinery 

for  an,  357,  358. 
Artificial  draught  for  boilers, 

81,  82. 
Ash -hoists  of  the  U.   S.  S., 

Philadelphia,  396,  397. 
Ash-pit  doors  of  the  U.  S.  S. 

Philadelphia,  389. 
Atmosphere,   mean   pressure 

of  the,  317. 
Auxiliary  and  feed  pumps  of 

the  U.  S.  S.  Philadelphia, 

378. 

Auxiliary  boiler  of  the  U.  S. 
S.  Philadelphia,  392. 

Auxiliary  exhaust  main  of  the 
U.  S.  S.  Philadelphia,  375. 

Auxiliary  steam-pipes  and 
valves  of  the  U.  S.  S.  Phil- 
adelphia, 392. 

Balance  slide  valves,  116. 

Bar  link,  single,  131. 

Bar  links,  double,  131,  132. 

Bar  links,  size  of,  133,  134. 

Barrett,  Alfred,  experiments 
to  test  the  value  of  the 
steam-jacket  by,  31. 

Beam  engines  (sidewheel 
steamers)  how  to  set  a  Ste- 
vens cut-off,  310,  311. 

Bearings  and  thrust-blocks  of 
the  U.  S.  S.  Philadelphia, 
382,  383. 


(423) 
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INDEX. 


Bearings,  crank  shaft,  172. 
Bearings,  greatest  strain  on 

the,  170. 
Bearings,  main,  169-174. 
Bearings,  main,  caps  for,  173, 

174. 

Bearings,  outside  and  stem- 
pipe  of  the  U.  S.  S.  Phila- 
delphia, 382. 

Bed-plates  and  pillow-blocks 
of  the  U.  S.  S.  Philadel- 
phia, 373,  374. 

Bilge  and  air  pumps  of  the 
U.  S.  S.  Philadelphia,  375, 
376. 

Bilge  and  fire  pumps  of  the 
U.  S.  S.  Philadelphia,  378, 

379- 
Bilge  injection  of  the  U.  S.  S. 

Philadelphia,  377, 
Blades  of  propellers,  to  find 

the  area  of,  177. 
Bleeder  of  the  U.  S.  S.  Phila- 
delphia, 392,  393. 
Blow  and  feed-pipes  of  the  U. 

S.  S.  Philadelphia,  393. 
Blow-off  cock,  270,  271. 
Blow-valves  of  the  U.  S.  S. 

Philadelphia,  393. 
Blowers  of^the  U.  S.  S.  Phila- 
delphia, 396. 
Boiler,  auxiliary,  of  the  U.  S. 

S.  Philadelphia,  392. 
Boiler,  clack  valve  inside  the, 

270. 
Boiler  clothing  of  the  U.  S. 

S.  Philadelphia,  390. 
Boiler,  cylindrical,  251-259. 
Boiler,  dimensions  of  a,  259- 

261. 
Boiler,       double-ended       or 

double-fired,  254-258. 
Boiler  drain  cocks  of  the  U. 

S.  S.  Philadelphia,  395. 
Boiler,  expansion  of  the  parts 

of  a,  bv  heat,  234,  235. 
Boiler    flues,    cylindrical,   to 


determine  the  pressure  al- 
lowable for,  207. 

Boiler,  Fox's  double-ended, 
and  furnaces,  258. 

Boiler  furnaces,  corrugated 
steel,  273-277. 

Boiler-heads  and  braces  of  the 
U.  S.  S.  Philadelphia,  387, 
388. 

Boiler  incrustation,  analysis 

of,  332. 

Boiler  iron,  standard  com- 
parison between  different 
brands  of,  240. 

Boiler  material,  form  of  rec- 
ord of  tests  of,  198. 

Boiler,  oval,  251. 

Boiler  plate,  breaking  strains 
of  riveted  joints  of,   232, 

233. 

Boiler  plates,  gauge  to  deter- 
mine the  thickness  of,  197. 

Boiler  plates,  stamping  of, 
194. 

Boiler  plates,  table  showing 
the  width  that  will  equal 
one  quarter  of  one  square 
inch  of  section  of  the  vari- 
ous thicknesses  of,  197. 

Boiler  plates,  test  samples  of, 
198. 

Boiler  plates,  to  ascertain  the 
tensile  strength  of,  194,  195. 

Boiler  plugs,  insertion  of,  211, 
212. 

Boiler  pressure,  table  showing 
cylinder  ratios  of  triple-ex- 
pansion engines  for  varia- 
tions in  the,  89-91. 

Boiler  seam,  strength  of  sin- 
gle riveted,  240,  241. 

Boiler  shells  of  the  U.  S.  S. 
Philadelphia,  387. 

Boiler,  single  ended,  or  single 
fired,  252-254. 

Boiler  stop  valves  of  the  U.  S. 
S.  Philadelphia,  393;  394. 
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Boiler,  the  transverse  strength 
of  a,  246,  247. 

Boiler,  to  find  the  pressure  to 
burst  a,  241. 

Boilers,  action  of  the  pressure 
on,  239,  240. 

Boilers,  advice  to  persons 
buying,  247. 

Boilers  and  aitachments  of 
the  U.  S.  S.  Philadelphia, 
386,  387. 

Boilers  and  modem  marine 
engines  designed  by  the 
Bureau  of  Steam  Engineer- 
ing, U.  S.  Navy,  343-361. 

Boilers,  application  of  the 
hydrostatic  test  to,  217. 

Boilers,  artificial  draught  for, 
81,  82. 

Boilers  built  prior  to  Febru- 
ary 28,  1872,  pressure  al- 
lowable on,  199-217. 

Boilers,  considerations  which 
influence  the  forms  of,  231- 

234. 
Boilers,    donkey,    inspection 

of,  216. 

Boilers,  effect  of  heat  on,  234- 

239- 
Boilers,  Fletcher  on  the  thick- 
ness of  the  end  plates  of, 

235.  236. 

Boilers,  foaming  in,  327,  328. 

Boilers,  gauge  cocks  for,  212, 

Boilers,  how  to  prevent  acci- 
dents to,  332,  333. 

Boilers,  incrustation  of,  331, 

332. 
Boilers,  lever  safety-valves  of, 

212-216. 
Boilers,  oval,  258,  259. 
Boilers,   repairs   to,    at   sea, 

307-309. 
Boilers,  riveting  the  seams  of, 

233. 
Boilers,  rules  for  ascertaining 

the  pressure  for  any  dimen- 
sion of,  199,  200. 


Boilers,  size  of  man -holes  for 
the  shell  of,  210,  211. 

Boilers,  steam,  forms  of,  231- 
250. 

Boilers,  steam  (marine), 
United  States  government, 
general  rules  and  regula- 
tions for,  194-221. 

Boilers,  strength  of,  239-250. 

Boilers,  table  of  steam  pres- 
sure allowed  on,  217. 

Boilers,  water  tube   marine, 

291-295- 
Bolts,    connecting    rod,    165, 

166. 
Bolts,  main  bearing,  174. 
Braces  and  boiler-heads  of  the 

U.  S.  S.  Philadelphia,  387, 

388. 
Brasses,  174-176. 

Brasses,  connecting  rod,  16^ 

168. 
Brasses,  connecting  rod,  caps 

of,  168,  169. 
Brasses,  usual  form  of,   170, 

171. 
Break-downs  at  sea,  296. 
Bridge  walls  of  the  U.  S.  S. 

Philadelphia,  388. 
Bulkheads,  pipes  through,  in 

U.  S.  S.  Philadelphia,  395. 
Burning  of  fuel,  222-230. 
Calculation  of  work  done  in  a 

compound  engine,  92-9^. 
Cameron's  patent  piston  nng, 

159- 
Caps  and  crank  shaft  boxes 

of  the  U.  S.  S.  Philadelphia, 

373. 
Caps  for  main  bearings,  173, 

174. 
Caps     of     connecting,    rod 

brasses,  168,  169. 
Carbon  and  hydrogen,  heat 

given  out  in  the  burning 

of,  223. 
Care  of  an  engine,  312-316. 
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Castings,  shrinkage  of,  337, 

338. 
Centigrade  thermometer,  322. 

Centrifugal  circulating  pump 

of  the  U.  S.  S.  Philadelphia, 

376. 

Check-valves,  268-270. 

Check- valves  of  the  U.  S.  S. 
Philadelphia,  393. 

Chimney,  area  of  the,  228. 

Chimney  draught,  best,  228, 
229. 

Chimney,  value  of  a,  227,  228. 

Circle,  determination  of  the 
circumference  of  a,  317. 

Circle,  to  determine  the  area 
of  a,  318. 

Circle,  to  determine  the  di- 
ameter of  a,  318. 

Circles,  table  showing  the  di- 
ameters and  areas  of,  414. 

Circulating  pump,  size  of, 
183,  184. 

Circulating  pump,  table  of 
the  ratio  of  capacity  of  cyl- 
inder or  cylinders  to  that 
of  the,  184. 

Circulating  pumps,  broken, 
306. 

Clack  valve,  270. 

Clarke,  investigations  by,  36. 

Clausius,  Rankine  et  al.,  the- 
ory of  the  steam  engine 
laid  down  by,  29. 

Coal,  amount  used  for  steam 
boilers,  317. 

Coal,   anthracite,  weight  of, 

317. 
Coal,  quantity  of,  burnt  on  a 

square  foot  of  grate,  261. 

Coal,  steam,  323-326. 

Coal,  uselessness  of  tests  by 
experts,  324. 

Coals,  American,  table  of  the- 
oretical value  of,  326. 

Columbia,  triple-expansion 
engines  of  the,  405-407. 


Combustion  chambers  of  the 
U.  S.  S.  Philadelphia,  388. 

Combustion,  definition  of, 
222. 

Compositions,  proportions  of 
various,  323. 

Compound  and  quadruple  ex- 
pansion engines.  Wells  pat- 
ent balanced,  39^402. 

Compound  and  triple-expan- 
sion engines,  tables  of  com- 
parative results  from  steam- 
ers with,  77,  78. 

Compound  engine,  calcula- 
tion of  work  done  in  a,  92- 

99. 
Compound  engine,  to  find  the 

horse-power  of,  100-102. 

Compound  engines,  conver- 
sion of,  into  triple-expan- 
sion engines,  71. 

Compound  marine  engine,  a, 
408-410. 

Compound,  triple -expansion 
and  quadruple-expansion 
engines,  36-49. 

Compounding,  39,  41,  42. 

Condensation,  internal,  waste 

by,  38. 

Condenser,  the,  180,  181. 

Condenser,  surface,  Wheel- 
er's improved,  184-187. 

Condensers,  surface,  of  the 
U.  S.  S.  Philadelphia,  374, 

375. 
Connecting-rod     bolts,     165, 

166. 
Connecting-rod  brasses,  166- 

168. 
Connecting-rod  brasses,  cups 

of,  168,  169. 
Connecting-rod,   to  find  the 

diameter  of  a,  165. 
Connecting-rods  and  brasses, 

164-169. 
Connecting  rods  of  the  U.  S. 

S.  Philadelphia,  372,  373. 
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Corrugated  furnace  flues,  207, 
208. 

Corrugated  steel  boiler  ^fur- 
naces, 273-277. 

Coupling  bolts,  broken,  306. 

Covers  and  valve  chests  of 
the  U.  S.  S.  Philadelphia, 
366,  367. 

Cowper,  Mr.,  arrangement 
proposed  by,  98,  99. 

Cramp,  Wm.,  &  Sons,  Ship 
and  Engine  Building  Co., 
of  Philadelphia,  triple  ex- 
pansion screw-engines  a  id 
boilers  of  the  U.  S.  S.  Phila- 
delphia, designed  and  built 

by,  362-397. 
Crank  pins,  damaged,  305. 
Crank  shaft  bearings,  172. 
Crank  shaft  boxes  of  the  U. 

S.  S.  Philadelphia,  373. 
Crank  shaft  boxes  and  caps 

of  the  U.  S.  S.  Philadelphia, 

373. 
Crank  shafts,  176. 

Crank  shafts  of  the  U.  S.  S. 
Philadelphia,  373. 

Crank  webs,  broken,  306. 

Cranks,  advantage  of  cylin- 
ders on  three,  72. 

Cranks  at  right  angles,  en- 
gines with,  94-97. 

Cranks,  number  of,  70-73. 

Cranks,  sequence  of,  69,  70. 

Cross-head,  how  to  find  the 
two  centres  for  the,  144, 145. 

Cross-head  slides  and  engine- 
bed  frames  of  the  U.  S.  S. 
Philadelphia,  372. 

Cross-head,  to  line  up  the, 
302. 

Cross-heads  of  the  U.  S.  S. 
Philadelphia,  372. 

Cruisers  9,  10  and  11,  of  2,000 
tons  displacement,  descrip- 
tion of  machinery  of,  356, 

357. 


Cruisers  7  and  8,  of  3,000 
tons  displacement,  descrip- 
tion of  machinery  for,  353- 

356. 

Cruisers  12  and  13  of  1,000 
tons,  and  Naval  Academy 
practice  vessel,  description 
of  machinery  for,  359^-361. 

Cut-off,  67-69,  126. 

Cylinder  casings  of  the  U.  S. 
S.  Philadelphia,  365. 

Cylinder  condension  and  re- 
evaporation,  36,  37. 

Cylinder  covers  and  heads  of 
the  U.  S.  S.  Philadelphia, 
366. 

Cylinder,  filling  and  empty- 
ing the,  1 10. 

Cylinder  heads  and  covers  of 
the  U.  S.  S.  Philadelphia, 
366. 

Cylinder  liner,  150-152. 

Cylinder  linings  of  the  U.  S. 
S.  Philadelphia,  366. 

Cylinder  or  cylinders,  table 
of  the  ratio  of  capacity  of, 
to  that  of  the  air-pump,  182. 

Cylinder  or  cylinders,  table 
of  the  ratio  of  capacity  of, 
to  that  of  the  circulating- 
puinp,  184. 

Cylinder,  range  of  pressure 
and  ratio  of  expansion  in  a 
single,  43,  44. 

Cylinder  ratios,  64,  65. 

Cylinder  ratios  of  triple-ex- 
sion  engines,  83-91. 

Cylinder  ratios  of  triple-ex- 
pansion engines  for  varia- 
tions in  the  boiler  pressure, 
table  showing,  89-91. 

Cylinder  relief  valves  of  the 
U.  S.  S.  Philadelphia,  371. 

Cylinder,  rules  for  the,  and 
its  connections,  148,  149. 

Cylinder  tie-rods  of  the  U.  S. 
S.  Philadelphia,  372. 
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Cylinder,  to  find  the  capacity 
of  a,  in  gallons,  317. 

Cylinders,  low-pressure,  66, 67. 

Cylinders  on  three  cranks, 
advantages  of,  72. 

Cylinders,  position  of,  61,  62. 

Cylindrical  boiler,  251-259. 

Dead  centre,  126. 

Diameters  and  areas  of  cir- 
cles, table  showing  the,  414. 

Distiller  and  pump  of  the  U. 
S.  S.  Philadelphia,  379. 

Donkey  boilers,  inspection  of, 
216. 

Double  bar  links,  131,  132. 

Double-ended,  or  double-fired 
boiler,  254-258. 

Drain-pipes  and  traps  of  the 
U.  S.  S.  Philadelphia,  386. 

Draught,  artificial,  for  boil- 
ers, 81,  82. 

Draught,  forced,  286-290. 

Drop  method,  87-^9. 

Ductility  of  iron,  to  ascertain 
the,  196,  197. 

Dunottar  Castle,  the  triple- 
expansion  engines  of  the, 
411,  412. 

Eccentric-rod,  length  of  the,. 
144. 

Eccentric-rod,  setting  slipped, 
146. 

Eccentrics,  throw  of  the,  130. 

Eccentrics  and  eccentric  rods, 
repairs  to,  305. 

Economizer  for  heating  the 
feed  water,  229,  230. 

Efiiciency,  general  conditions 
of,  62,  63. 

Engine,  a  compound  marine, 
4S8-4T0. 

Engine-bed  frames  aiid  cross- 
head  slides  of  the  U.  S.  S. 
Philadelphia,  372. 

Engine,  compound  calcula- 
tion of  work  done  in  a,  92- 

99- 


En^ne,  considerations  in  de- 
siring an,  120. 
Engine  construction,  details 

of,  I4S-I93- 

Engine,  cycle  of  events  in 
the,  32,  33. 

Engine,  finding  the  cause  of 
thumping  and  heating  of 
the,  312-315. 

En^ne,  independent  air  and 
circulating  pumping,  187- 
189. 

Engine,  modern  Amencan 
triple  expansion,  working 
drawings  of  a,  25,  26. 

Engine,  multi-cylinder,  facts 
upon  which  to  base  the 
theory  of  the,  44-49. 

Engine,  multi-cylinder,  re- 
duction of  internal  wastes 
by  the,  42,  43- 

Engine,  ordinary  single  cylin- 
der, expansion  of  steam  in 
the,  37. 

Engine,  steam,  theory  of  the, 
29-49. 

Engine,  taking  care  of  an, 
312-316. 

Engine  thumping,  causes  of, 
and  the  remedies,  301,  302. 

Engine,  triple  expansion,  cyl- 
inder ratios  of  a,  64,  65. 

Engine,  triple  expansion,  ex- 
periments with  a,  55-60. 

Engine,  triple  expansion,  low 
pressure  cylinders  in  a,  66, 

67. 
Engine,      triple      expansion 

marine,   operation    of   the 

steam  in  the,  26-2S. 
Engine,     triple     expansion, 

sequence  of  cranks  in  a,  69, 

70. 
Engine,  triple  expansion,  use 

of  piston  valve  m  a,  66. 
Engines,     best,     steam     per 

horse  power    per  hour  at 
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least  ratios  of  expansion  in, 
42. 

Engines,  compound  and 
triple  expansion,  table  of 
comparative  results  from 
steamers  with,  77,  78. 

Engines,  compound  triple  ex- 
pansion and  quadruple  ex- 
pansion, 36-49. 

Engines,  examples  of  recent, 
398-404. 

Engines,  marine,  prime  cause 
of  accidents  to,  297. 

Engines,  modem  American 
marine,  and  boilers,  de- 
signed by  the  Bureau  of 
Steam  Engineering,  U.  S. 
Navy,  343-361. 

Engines,  modern  high  speed 
yacht,  402-404. 

Engines  of  the  U.  S.  S.  Phil- 
adelphia, securing  the,  in 
ship,  386. 

Engines,  triple-expansion, 
cylinder  ratios  of,  83-91. 

Engines,  triple-expansion 
marine,  61-82. 

Engines,  triple-expansion,  of 
the  ocean  tug  Triton,  398, 

399- 
Engines,  triple-expansion  of 

the  S.  S.  Columbia,  405-407. 

Engines,  triple-expansion, 
position  of  cylinders  in,  61, 
62. 

Engines,  triple-expansion, 
practical  results  derived 
from,  75-81. 

Engines,  triple-expansion,  ta- 
ble showing  cylinder  ratios 
of,  for  variations  in  the 
boiler  pressure,  89-91. 

Engines,  to  find  the  horse- 
power of,  100-102. 

Engines,  Wells  patent  bal- 
anced compound  and  quad- 
ruple-expansion, 399-402. 


Engines  with  cranks  at  right 

angles,  94-97. 
Engineers,  classification  and 

duties  of,  218-220. 
Escape  pipes  of  the  U.  S.  S. 

Philadelphia,  394,  395. 
Examples  of  recent  engines, 

398-404. 
Exhaust  main,  auxiliary,  of 

the  U.  S.  S.  Philadelphia, 

375.  ^     . 

Exhaust  passages  and  pipes, 

163. 

Exhaust  port,  106. 

Exhaust,  table  by  which  to 
find  the  relative  state  of, 
and  piston  after  expansion, 
140,  141. 

Exhaust  throat,  size  of,  121. 

Expansion,  mean  pressure  of 
steam  at  different  rates  of, 
105. 

Expansion  of  steam,  50-54. 

Expansion,  ratio  of,  and 
range  of  pressure  in  a  sin- 
gle cylinder,  43,  44. 

Expansion,  table  by  which  to 
find  the  relative  state  of 
piston  and  exhaust  after, 
140,  141. 

Expansive  working,  advant- 
age of,  53. 

Eye-bolts  of  the  U.  S.  S.  Phil- 
adelphia, 385,  386. 

Fahrenheit's  thermometer, 
322. 

Fairbaim,  Sir  W.,  experi- 
ments by,  on  strengthening 
the  internal  tubes  of  the 
internal    flue    boiler,    236, 

237. 
Fair  bairn.    Sir    W.,    on    the 

breaking  strains  of  riveted 

joints  of  boiler  plate,  232, 

233- 
Faraday's     experiment     on 

combustion,  225. 
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Pamley  furnace,  277. 
Feed  and  auxiliary  pumps  of 
the  U.  S.  S.  Philadelphia, 

378. 
Feed  and  blow-pipes  of  the 

U.  S.  S.  Philadelphia,  393. 
Feed-pipes,  191-193. 
Feed-pumps,  1 89-191. 
Feed-water,    dynamic    effect 

of  the  steam  in  the,  270. 
Feed-water,    economizer    for 

heating  the,  229,  230. 
Feed-water,  injection  of  the, 

269,  270. 
Feed- water  tanks  of  the  U.  S. 

S.  Philadelphia,  381. 
Feed-water,   temperature    of 

the,  209. 
Fire  and  bilge-pumps  of  the 

U.  S.  S.  Philadelphia,  378, 

379. 
Fire-grate,  area  of,  261-264. 

Fire-rooms,  air-tight,  of  the 

U.  S.  S.  Philadelphia,  397. 

Fire,  temperature  of,  326,  327. 

Flanged    joint,     Adamson's, 

239- 

Flanged  seam,  first  employ- 
ment of  the,  237. 

Fletcher,  Mr ,  on  the  thick- 
ness of  the  end  plates  of 
boilers,  235,  236. 

Floor-plates  of  the  U.  S.  S. 
Philadelphia,  395. 

Flue  boiler,  internal,  experi- 
ments on  strengthening  the 
internal  tubes  of  the,  236, 

237. 
Flues,  cylindrical  lap-welded 

and  riveted,  formula  for  de- 

terminiug    the     allowable 

pressure  for,  208,  209. 

Flues,  lap- welded,  204-207. 

Flues,  riveted,  200-204. 

Foaming  in  boilers,  327,  328. 

Forced  draft,  286-290. 

Fox's  double-ended  boiler 
and  furnaces,  258. 


Fox's  furnace,  277. 

Fuel  and  air,  admixture  of, 

224,  225. 
Fuel,  burning  of,  222-230. 
Fuel,     consumption    of   per 

I.  H.  P.. per  hour,  263. 
Fuel,  Rankine  on  the  waste 

of,  226,  227. 
Funnel  or  smoke  stack,  271, 

272. 
Furnace  doors  of  the  U.  S.  S. 

Philadelphia,  389. 
Furnace     flues,     corrugated, 

207,  208. 
Furnace  fronts  of  the  U.  S.  S. 

Philadelphia,  389. 
Furnace,     the,     as    a    large 

chemical  apparatus,  224. 
Furnaces    and  double-ended 

boiler.  Fox's,  250. 
Furnaces,  collapse  of,  330, 331. 
Furnaces  of  the  U.  S.  S.  Phil- 
adelphia, 388. 
Gallon,  United  States  stand- 
ard, 317. 
Gately  and  Kletsch,  investi- 
gations by,  36. 
Gauges,  low  water,  217. 
Gauges,  steam,  216. 
Gauges,  water,  of  the  U.  S.  S. 

Philadelphia,  391. 
Gear,  reversing,  of  the  U.  S. 

S.  Philadelphia,  370. 
Gear,  turning,  of  the  U.  S.  S. 

Philadelphia,  383. 
Governor,     steam,     of    the 

U.  S.  S.  Philadelphia,  371. 
Grate   bars  of  the  U.   S.  S. 

Philadelphia,  387. 
Grate  surface,  of  the  U.  S.  S. 

Philadelphia,  387. 
Gravities,   specific,   table  of, 

322. 
Green's,  Mr.,  economizer  for 

heating  the  feed-water,  229, 

230. 
Gudgeon  end  rod,  169. 
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Guide  block,  surface  of,  160, 

161. 
Guide  blocks  and  slides,  160, 

161. 
Guide  plates,  161,  162. 
Hardness  of  substances,  336, 

337. 
Head-gear,  125. 

Heat,  divisions  of  degrees  of, 

322,  323- 
Heat,   effect  of,   on  boilers, 

234-239. 
Heating  and  thumping  of  the 
engine,  finding  the  cause 

of,  312-315. 

Heating  power  of  a  substance, 
Dr.  Percy  on  the,  223,  224. 

Heating  surface,  264,  265. 

Heating  surface,  total,  266, 
267. 

High  pressure,  gain  by,  52. 

Hirn,  M.,  on  the  received  the- 
ory of  the  steam  engine,  30. 

Hirn  and  Isherwood,  investi- 
gations by,  36. 

Holding  down  bolts  of  the 
U.  S.  S.  Philadelphia,  366. 

Holes  through  ship  of  the 
U.  S.  S.  Philadelphia,  385. 

Holmes'  furnace,  277. 

Horse  power  of  simple,  com- 
pound and  triple  expansion 
engines,  to  find,  100-102. 

Horse-power,  thermal  units 
represented  by  one,  34,  35. 

Hydrogen  and  carbon,  heat 
given  out  in  the  burning  of, 

223. 
Hydrokineter  of  the  U.  S.  S. 

Philadelphia,  397. 
Hydrostatic  test,  application 

of  the,  217. 
Incrustation  of  steam  boilers, 

331,  332. 
Independent  air  and  circulat- 
ing pumping  engine,  187- 
189. 


Indicator  diagram,  value  of 
an,  in  interpreting  the  ac- 
tion of  a  slide  valve,  114. 

Indicator  fittings  and  motions 
of  the  U.  S.  a  Philadel- 
phia, 384. 

Information,    valuable,   317- 

338. 
Injection  valves  of  the  U.  S. 

S.  Philadelphia,  376,  377. 

Internal  pipes,  fitting  of,  267, 
268. 

Introduction,  25-28. 

Iron  and  steel,  breaking  and 
crushing  strains  of,  323. 

Iron,  to  ascertain  the  ductil- 
ity of,  196,  197. 

Iron,  wrought,  linear  expan- 
sion of,  234. 

Isherwood  and  Hirn,  investi- 
gations by,  36. 

Joint,  fianged,  239. 

Joint,  the  strongest  longitud- 
inal, 244. 

Joints  applicable  to  tubes 
subjected  to  external  pres- 
sure, 238,  239. 

Joints,  riveted,  table  of  per- 
centage of  strength  of,  2S4. 

Joints,  strength  ot;  241,  242. 

Journal  boxes  of  the  U.  S.  S. 
Philadelphia,  383,  384. 

Kafer,  John  C,  forced  draft 
arrangement,  invented  by, 

'    289,  290. 

Kirk's,  Mr.,  system  in  the 
Propontis,  61,  62. 

Kletsch  and  Gately,  investi- 
gations by,  36. 

Lap,  1 1 2-1 16. 

Lap  and  travel  of  valve,  how 
to  find  the,  122,  123. 

Lap-joint,  ordinary  double- 
nveted,  279. 

Lap,  table  to  ascertain  the 
amount  of,  necessary  on  the 
steam  side  of  a  slide  valve 
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to  cat  the  steam  off  at  vari- 

ous  fractional  parts  of  the 

stroke,  141,  142. 
Lap-welded  flues,  204-207. 
Lap-welded    flues,    table    of 

thicknesses  of,  206. 
Launches  and  yachts,  steam, 

339-342. 

Lead,  definition  of,  108. 

Lead,  inside,  115. 

Lead  of  the  valve,  126. 

Lead,  outside,  115. 

Lever  pin,  to  obtain  the  best 
positiou  of,  128,  129. 

Licenses,  issuance  of,  220, 
221. 

Line  shafting,  176. 

Line  shafting  of  the  U.  S.  S. 
Philadelphia,  381. 

Liner  and  shell,  space  be- 
tween the,  152. 

Link  motion  valve  gear,  125- 

134. 
Liquids,  weight  of,  335. 

Locomotives,  consumption  of 

water  by,  317. 

Logarithms,  table  of,  103. 

Low-pressure    cylinders,    66, 

67. 
Low- water  gauges,  217. 

Machinery  of  an  armored 
coast  defence  vessel,  de- 
scription of  the,  350-353- 

Machinery  of  an  armored 
cruising  monitor,  descrip- 
tion of  the,  357,  358. 

Machinery  of  cruisers  9,  10, 
and  II,  of  2000  tons  dis- 
placement, description  of 
the,  356,  357. 

Machinery  of  cruisers  7  and  8, 
of  3000  tons  displacement, 
description  of  the,  353-356. 

Machinery  of  cruisers  12  and 
13  of  1000  tons,  and  Naval 
Academy  practice  vessel, 
description  of  the,  339-361. 


Machinery  of  the  U.  S.  S. 
Maine,  description  of  the, 

343-347. 
Machinery  of  the  U.   S.   S. 

Monadnock,  description  of 
the,  347-350. 
Magnolia  metal  for  brasses, 

175,  176. 
Magnolia  metal,   superiority 

of,  167,  168. 
Main  bearing  bolts,  174. 
Main  bearings,  169-174. 
Main  bearings,  caps  for,  173, 

174. 
Main  steam-pipe,  149,  150. 

Main  steam-pipes  of  the  U. 

S.  S.  Philadelphia,  394. 
Main  steam  piston -valves  of 

the  U.  S.  S.  Philadelphia, 

367. 
Main    valve    stems   of    the 

U.  S.  S.  Philadelphia,  368. 

Maine,  the  U.  S.  S.  descrip- 
tion of  machinery  for,  343- 
347. 

Man-holes  and  plates  of  the 
U.  S.  S.  Philadelphia,  366. 

Marine  boilers,  modern,  251- 
277. 

Marine  engine,  the  most  suit- 
able type  of,  70,  71. 

Marine  engines,  prime  cause 
of  accidents  to,  297. 

Marine  steam  boilers,  affida- 
vit of  manufacturer  of,  196. 

Marks,    Prof.,    investigations 

by,  37. 

Mean  pressure  of  steam,  table 
of,  at  different  rates  of  ex- 
pansion, 105. 

Mean  pressure,  to  find  the, 
103-105. 

Metals,  to  determine  the  tem- 
perature of  fire,  by  the  fu- 
sion of,  327. 

Metals,  weight  of,  333,  334. 

Mid-gear,  129. 
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Mississippi  fteiglit  boats,  ap- 
plicatLon  of  the  hydrostabc 
test  to  the  boilers  of,  217. 

Modem  American  marine  en- 
gines and  boilers  designed 
by  the  Bureau  of  Steam 
Kngineering,  U.  S.  Navy, 

343-361. 

Modem  high  speed  yacht  en- 
gines, 402-404. 

Monadnock,  U.  S.  S.  descrip- 
tion of  machinery  for  the, 

347-350. 

Monitor,  armored  cruising, 
description  of  machinery 
for  an,  357,  358. 

Montgomery's  claim  in  pat- 
enting corrugated  cylin- 
ders, 274. 

Motion  curves,  13&-140. 

Multi-cylinder  engine,  facts 
upon  which  to  base  the 
theory  of  the,  44-49. 

Multi-cylinder  engine,  reduc- 
tion of  internal  wastes  by 
the,  42,  43. 

Naval  Academy  practice  ves- 
sel and  cruisers  12  and  13, 
of  1,000  tons,  description  of 
machinery  for  a,  359-361. 

Numbers,  approximate,  table 
of,  for  various  purposes, 
421. 

Numbers,  table  of  squares, 
cubes,  square  and  cube 
roots  of,  415-420. 

Officers,  U.  S.  licensed,  218- 
221. 

Oil  cups  of  the  U.  S.  S.  Phila- 
delphia, 384,  385. 

Outboard  delivery  valves  of 
the  U.  S.  S.  Philadelphia, 

377. 

Outside  and  stern-pipe  bear- 
ings of  the  U.  S.  S.  Phila- 
delphia, 382. 

Oval  boiler,  251. 

37 


Oval  boilers,  258,  259. 

Percy,  Dr.,  on  the  heating 
power  of  a  substance,  223, 
224. 

Philadelphia,  U.  S.  S.,  en- 
gines and  boilers  of  the, 
362-397. 

Pipe  clothing  of  the  U.  S.  S. 
Philadelphia,  395. 

Pipes,  burst,  how  to  repair, 

307. 
Pipes,   dry,  of  the  U.  S.  S. 

Philadelphia,  390. 
Pipes,  feed,  191-193. 
Pipes,  flow  of  steam  through, 

318-322. 
Pipes,  mternal,  fitting  of,  267, 

268. 
Pipes  through  bulkheads  in 

U.  S.  S.  Philadelphia,  395. 
Piston,  details  of  construction 

of  the  ordinary,  154,  155. 
Piston  ring,  Cameron's  pat- 
ent, 159. 
Piston  rings  and  springs,  155- 

160. 
Piston  rings,  common,  157. 
Piston  rings,   Ramsbottom's, 

155,  156. 
Piston-rod  stuffing  boxes  of 
the  U.  S.  S.  Philadelphia, 

372. 

Piston-rods,  160. 

Piston  rods  of  the  U.  S.  S. 
Philadelphia,  371,  372. 

Piston-springs,  157-159. 

Piston,  table  by  which  to  find 
the  relative  state  of,  and 
exhaust  after  expansion, 
140,  141. 

Piston-valves,  66,  116-119. 

Pistons,  152-154. 

Pistons  of  the  U.  S.  S.  Phila- 
delphia, 371. 

Pistons,  packing  of  the,  118. 

Plates  and  manholes  of  the 
U.  S.  S.  Philadelphia,  366. 
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Platforms,  working,  of  the  U. 
S.  S.  Philadelphia,  580,  381. 

Port,  opening  of,  to  steam, 
162, 163. 

Port  openings,  rule  for  find- 
ing area  of,  121. 

Porter's  rule,  121. 

Ports  and  slide  valves,  pro- 
portioning of,  120-124. 

•  Pressure,  action  of  the,  on 
boilers,  239,  240. 

iPressure  allowable  on  boilers 
built  prior  to  February  28, 
1872,  199-217. 

Pressure,  high,  gain  by,  52. 

Pressure,  how  to  find  the  to- 
tal amount  of,  318. 

Pressure,  mean,  of  steam,  at 
different  rates  of  expan- 
sion, 105. 

Pressure,  mean,  to  find  the, 
103-105. 

Pressure,  range  of,  and  ratio 
of  e^ansion  in  a  single 
cylinder,  43;  44. 

Pressure,  to  determine  the," 
allowable  for  cylindrical 
boiler  flues,  207. 

Pressure,  to  determine  the, 
allowable  on  lap  welded 
flues,  204,  205. 

Pressure,  to  determine  the 
thickness  of  material  for 
any  required,  205,  206. 

Propeller  shafting  of  the 
U.  S.  S.  Philadelphia,  381, 
382. 

Propellers,  screw,  of  the  U.  S. 
S.  Philadelphia,  382. 

Proportioning  ports  and  slide 
Valves,  ^20-124. 

Pump  and  distiller  of  the 
U.  S.  S.  Philadelphia,  379. 

Pump  buckets,  183,  184. 

Piimp, centrifugal  circulating, 
of  the  U.  S.  a  Philadel- 
phia,  376. 


Pump,  circnlating,  size  of, 
183,  184. 

Pump,  circnlating,  table  of 
the  ratio  of  capacity  of  cyl- 
inder or  cylinders  to  that 
of  the,  184. 

Pump  connections  to  fire- 
main  of  the  U.  S.  S.  Phila- 
delphia, 385. 

Pump-cylinders  of  the  U.  S. 
S.  Philadelphia,  379,  380. 

Pumps,  air  and  bilge,  of  the 
U.  S.  S.  Philadelphia,  375, 

the  U.  S.  S.  Philadelphia, 

378. 
Pumps,  feed,  189-191. 
Pumps,  fire  and  bilge,  of  the 

U.  S.  S.  Philadelphia,  378, 

379. 
Purves*  furnace,  276. 

Ramsbottom's  rings,  155,  156. 

Rankine,     Clausius,    et    al^, 

theorv  of  the  steam  engine 

laid  down  by,  29. 
Rankine  on  the  best  chimney 

draught,  228,  229. 
Rankine  on  the  waste  of  fuel, 

226,  227. 
Reaumur's  thermometer,  322. 
Receiver,  definition  of  the, 

27. 
Receiver,    intermediate,    the 

use  of  an,  97,  99. 
Receiver  space,  163,  164. 
Receivers  of  the   U.    S.  S. 

Philadelphia,  365. 
Repairs  at  sea  and  how  to 

make  them,  296-^311. 
Resistance,  how  to  find  thfe, 

318- 
Reversing  gear  of  the  U.  S.  S. 

Philadelphia,  370.  ^ 

Revolution  indicators  of  the 

U.  S.  S.  Philadelphia,  384. 
Riveted  flues,  200-204. 


INDEX. 


435, 


Riveted  joints,  table  of  per- 
centage of  strength  of,  284. 

Riveted  seams,  27^285. 

Riveting, table  shoeing  loss  in 
strength  of  plate  by  the  ordi- 
nary system  of,  and  gain 

.  b^  unproved  system,   284. 

Roberts,  E.  £.,  water  tube 
boiler  of,  291,  292. 

Rocker-shaft,  position  of  the, 

147. 

Rowland,  T.  F.,  &  Co*s  fur- 
nace, 276. 

Ruggiero  di  Laura,  the  com- 
pound engines  of  the,  408- 
410. 

Safety-valves,  lever,  of  boil- 
ers, 212-216. 

Safetjr-valves  of  the  U.  S.  S. 
Philadelphia,  390,  391. 

Salinometer  pots  of  the 
U.  S.  S.  Philadelphia,  391. 

Saturated  steam,  properties 
of,  329. 

Saturated  steam,  table  of  the 
properties  of,  413. 

Screw  propellers,  177. 

Screw  propellers  of  the 
U.  S.  S.  Philadelphia,  382. 

Sea  valves  of  the  U.  S.  S. 
Philadelphia,  377,  378. 

Seam,  flanged,  first  employ- 
ment of  the,  237. 

Seams,  riveted,  278-285. 

Sentinel  valves  of  the  U.  S.  S. 
Philadelphia,  390,  391. 

Separators  of  the  U.  S.  S. 
Philadelphia,  395. 

Sequence  of  cranks,  69,  70. 

Shaft,  to  line  up  the,  302-304. 

Shafting,  line,  176. 

Shafting,  propeller,  of  the 
U.  S.  S.  Philadelphia,  381, 
382. 

Shafts,  broken,  306. 

Shell  and  liner,  space  be- 
tween the,  152. 


Shrinkage  of  castings,  337, 

338. 
Simple  engine,  to  find   the. 

horse-power  of,  loo-ioa. 
Single  bar  link,  131. 
Single-ended  or   single-fired 

boiler,  252-254. 
Slide-valve,  how  to  set  a,  14^ 

147. 

Slide-valve,  table  to  ascertain 
the  amount  of  lap  on  the 
steam  side  of  a,  to  cut  the 
steam  ofif  at  various  frac- 
tional parts  of  the  stroke, 
141, 142. 

Slide-valves,  106-119. 

Slide-valves  and  ports,  pro-^ 
portioning  of,  120-124. 

Slides  and  guide-blocks,  160, 
161. 

Slides,  to  line  up  the,  302. 

Slot  link,  127,  128. 

Slot-link,  size  of,  130,  131. 

Slotting  motion,  126. 

Smoke-boxes  and  up-takes  of 
the  U.  S.  S.  Philadelphia,' 

389. 
Smoke-pipes  of  the  U.  S.  S. 

Philadelphia,  389,  390. 
Smoke-stack  or  funnel,  271, 

272. 
Specific   gravities,  table    of,' 

322. 
Spring      bearings     of     the 

U.  S.  S.  Philadelphia,  383. 
Squares,   cubes,   square    and 

cube  roots  of  numbers,  ta-> 

ble  of,  415-420. 
Steamboat  rules,  changes  in, 

221. 
Steam        boilers,        average 

amount  of  coal  used  for, 

317. 
Steam  boilers,  forms  of,  231-r 

250. 
Steam  boilers  (marine)  Uni- 
ted    States     government, 
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general  rules  and  regula- 
tions for,  194-221. 

Steam  coal,  323-326. 

Steam,  condition  for  the  ad- 
mission of,  109. 

Steam,  dynamic  effect  of  the, 
in  the  feed  water,  270. 

Steam,  effect  of  the  weight 

^  of,  53,  54. 

Steam  engine,  definition  of  a, 

30. 
Steam  engine,  discharge  of 

water  by  the,  32. 
Steam  engine,  theory  of  the, 

29-49. 
Steam,  expansion  of,  50-54. 
Steam,  expansion  of,  in  the 

ordinary  single-cylinder  en- 
gine, 37. 
Steam,  flow  of,  through  pipes, 

318-321. 
Steam-gauges,  216. 
Steam      governor     of      the 

U.  S.  S.  Philadelphia,  371. 
Steam,    greatest   weight    of, 

evaporated  per  square  foot 

of  grate  per  hour,  262. 
Steam-jacket,    discharge    of 

water  by  a,  33. 
Steam-jacket,  effect  of  the,  34. 
Steam-jacket,  experiments  to 

test  the  value  of  the,  31. 
Steam-jacket,  mode  of  opera- 
tion of  the,  30,  31. 
Steam-jacketing,  39-41. 
Steam-jackets,  63,  64. 
Steam-jackets,  the  efficiency 

of,  55-60. 
Steam,  mean  pressure  of,  at 

different  rates  of  expansion, 

105. 
Steam,   opening  of  port  to, 

162,  163. 
Steam,  operation  of  the,   in 

the  triple  expansion  marine 

engine,  26-28. 
Steam  per  horse  power  per 


hour,  at  least  ratios  of  ex- 
pansion in  best  engines,  42. 

Steam-pipe,  main,  149,  150. 

Steam-pipes,  auxiliary,  and 
valves  of  the  U.  S.  S.  Phila- 
delphia, 392. 

Steam-pipes,  main,  •f  the 
U.  S.  S.  Philadelphia,  394. 

Steam  ports,  106. 

Steam  pressure,  table  of,  al- 
lowed on  boilers,  217. 

Steam,  rate  of  flow  of,  into  a 
vacuum,  318. 

Steam,  release  of,  109. 

Steam,  saturated,  properties 
of,  329. 

Steam,  saturated,  table  of  the 
properties  of,  413. 

Steam,  table  to  ascertain  the 
amount  of  lap  necessar}-  on 
the  steam  side  of  a  slide 
valve,  to  cut  the,  off,  at 
various  fractional  parts  of 
the  stroke,  141,  142. 

Steam,  total  work  done  by 
the,  50. 

Steam  velocities,  65,  66. 

Steam,  waste,  earlier  release 
of  the.  III. 

Steam  yachts  and  launches, 

339-342. 
Steam  yachts  and  launches, 
small,  table  of  dimensions 

of,  341,  342. 
Steamers,  general  rules  for, 

210. 
Steamers,  general  safety  rules 

for,  211. 
Steamers,  high  pressure,  210. 
.Steel  and  iron,  breaking  and 

crushing  strains  of,  323. 
Stern-gear,  125. 
Stern  pipe  stuffing  boxes  of 

the  U.  S.  S.  Philadelphia, 

382. 
Stevens  cut  off,  how  to  set  a, 

3io,  311. 
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Strap  joint,  ordinary  triple- 
riveted  double-butt,  279. 

Stiap  joints,  most  approved 
triple-riveted  butt,  279. 

Strength  of  boilers,  239-250. 

Strength  of  substances,  335, 

336. 
Strength,  tensile,  to  ascertain 

the,  of  boiler  plates,  194, 192. 
Stuffing-boxes,  stern-pipe,  of 

the  U.  S.  S.  Philadelphia, 

382. 
Substances,    hardnesses    of, 

336, 337. 
Substances,  strength  of,  335, 

.       336. 

Substances,  weight  of  differ- 
ent, 333-335. 

Superheating,  39. 

Surface  condenser,  Wheeler's 
improved,  184-187. 

Surface  condensers  of  the 
U.  S.  S.  Philadelphia,  374, 

375- 
Suspension -pin,  position   of, 

128-130. 

Table  by  which  to  ascertain 
the  amount  of  lap  necessary 
on  the  steam  side  of  a  slide- 
valve  to  cut  the  steam  off 
at  various  fractional  parts 
of  the  stroke,  141,  142. 

Table  by  which  to  find  the 
relative  state  of  piston  and 
exhaust  after  expansion, 
140,  141. 

Table  of  approximate  num- 
bers for  various  purposes, 
421. 

Table  of  cylinder  ratios  re- 
commended for  triple  ex- 
pansion engines,  84. 

Table  of  dimensions  of  small 
steam  yachts  and  launches, 
341,  342. 

Table  of  flow  of  steam 
through  pipes,  320. 


Table  of  logarithms,  103. 

Table  of  mean  pressure  of 
steam  at  different  rates  of 
expansion,  105. 

Table  of  percentage  of 
strength  of  riveted  joints, 
284. 

Table  of  specific  gravities, 
322. 

Table  of  squares,  cubes, 
square  and  cube  roots  of 
numbers,  415-420. 

Table  of  steam  pressure  al- 
lowed on  boilers,  217. 

Table  of  the  properties  of 
saturated  steam,  329,  413. 

Table  of  the  ratio  of  capacity 
of  cylinder  or  cylinders  to 
that  of  the  air-pump,  182. 

Table  of  the  theoretical  value 
of  American  coals,  326. 

Table  of  thickness  of  lap- 
welded  flues,  206. 

Table  showingcylinder  ratios 
of  triple  expansion  engin^ 
for  variations  in  the  boilet 
pressure,  89-^1. 

Table  showing  loss  in 
strength  of  plate  by  the 
ordinary  system  of  riveting; 
and  gain  by  improved  sys- 
tem, 284. 

Table  showing  the  diameters 
and  areas  of  circles,  414. 

Table  showing  the  width  that 
will  equal  one-quarter  of 
one  square  inch  of  section 
of  the  various  thicknesses 
of  boiler  plates,  197. 

Tables  of  comparative  results 
from  steamers  with  com- 
pound and  triple  expansion 
engines,  77,  78. 

Taking  care  of  an  engine, 
312-316. 

Theory  of  the  steam  engine, 
29-49. 
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Thermoaieter,  description  of 
the,  322,  323. 

Three-cylinder  tandem,  71. 

Throttle  valves  of  the 
U.  S.  S.  Philadelphia,  368. 

Throw  of  the  eccentrics,  130. 

Thrust-blocks  and  bearings 
of  the  U.  S.  S.  Philadel- 
phia, 382,  383. 

Thrust-blocks,  plans  of,  177- 
180. 

Thumpers,        constitutional, 

315,  316. 
Thumping  and  heating  of  the 
engine,  finding  the   cause 

of,  312-315- 

Torpedo  boats,  heating  sur- 
face in  the  locomotive 
boiler  of,  266,  267. 

Travel  and  lap  of  valve,  how 
to  find  the,  122,  123. 

Triple-expansion  and  com- 
pound engines,  tables  of 
comparative  results  from 
steamers  with,  77,  78. 

Triple-expansion  engine,  cyl- 
inder ratios  of  a,  64,  65. 

Triple-expansion  engine,  ex- 
periments with  a,  55-60. 

Triple-expansion  engine,  low 
pressure  cylinders  in  a,  66, 

67. 

Triple-expansion   engine,  se- 

c[uence  of  cranks  in  a,  69, 70. 
Tnple-expansion    engine,   to 

find    the    horse-power    of, 

100-102. 
Triple-expansion  engine,  use 

of  piston  valves  in  a,  66. 
Triple-expansion        engines, 

conversion    of    compound 

engines  into,  71. 
Triple-expansion        engines, 

cylinder  ratios  of,  83-91. 
Triple-expansion  engines  of 

the   Dunottar  Castle,    411, 

412. 


Triple-expansion  engines  of 
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399- 
Triple-expansion  engines  of 

the  S.  S.  Columbia,  12,000 

I.  H.  P.,  405-407. 

Triple-expansion  engines,  po- 
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Triple-expansion  engines, 
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Triple-expansion  engines,  ta- 
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Triple-expansion  marine  en- 
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Triple-expansion  marine  en- 
gines, 61-82. 
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gines and  boilers  of  the  U. 
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and  built  by  the  Wm. Cramp 
and  Sons  Ship  and  Engine 
Building  Co.,  of  Philadel- 
phia, 362-397. 

Traps  and  drain-pipes  of  the 
U.  S.  S.  Philadelphia,  386. 

Triton,  the,  triple-expansion 
engines  of  the,  398,  399. 

Tube  sheets  of  the  U.  S.  S. 
Philadelphia,  387. 

Tube  surface,  265,  266. 

Tubes,  leaky,  and  how  to 
plug  them  up,  309. 

Tubes  of  the  U.  S.  S.  Phila- 
delphia, 387. 

Tubes  subjected  to  external 
pressure,  joints  applicable 
to,  238,  239. 

Turning  gear  of  the  U.  S.  S. 
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United  States  government 
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and  boilers  of,  362-397. 

United  States  standard  gal- 
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United  States  steam  war- 
ships, description  of  ma- 
chinery of,  343-397- 
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Vacuum,  rate  of  flow  of  steam 

into  a,  318. 
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366,  367. 
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134. 
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Valve  stems,    main,    of    the 
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Valve,  wing  of  the,  121. 
Valves  and  steam-pipes,  aux- 


iliary, of  the  U.  S.  S.  Phila- 
delphia, 392. 

Valves,  broken,  304,  305. 

Valves,  circular,  of  the  mush- 
room type,  116. 

Valves,  cylinder  relief,  of  the 
U.  S.  S.  Philadelphia,  371. 

Valves,  injection,  of  the 
U.  S.  S.  Philadelphia,  376, 

377. 

Valves,  lever  safety,  of  boil- 
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Valves,  main  steam  piston, 
of  the  U.  S.  S.  Philadelphia, 

367. 
Valves,  outboard  delivery,  of 

the  U.  S.  S.  Philadelphia, 

377. 
Valves,  principal  methods  to 
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Philadelphia,  390,  391. 
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Valves,  throttle,  of  the  IJ.  S. 

S.  Philadelphia,  368. 
Ventilators  of  the  U.  S.  S. 

Philadelphia,  396. 
Wallace,     Dr.,     analysis    of 

boiler  incrustation  by,  332. 
Warships  of  the  U.  S.  Navy, 

description  of  the  machin- 
ery for,  343-397- 
Waste,  amelioration  of,  38, 39. 
Waste  by  internal  condensa- 
tion, 38. 
Wastes,    internal,    reduction 

of,    by  the    multi-cylinder 

engine,  42,  43. 
Water,    consumption    of,    by 

locomotives,  317. 
Water  gauges  of  the  U.  S.  S. 

Philadelphia,  391. 
Water-pipes  of  the  U.  S.  S. 

Philadelphia,  383. 
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Water,  to  find  the  pressure  of 

a  column  of,  317,  318. 
Water  tube   marine    boilers, 

291-295- 

Weight  of  diflFerent  substan- 
ces, 333-335. 

Wells  patent  balanced  com- 
pound and  quadruple  ex- 
pansion engines,  399-402. 

Wheeler's  improved  surface 
condenser,  184-187. 


Whitworth  Engineering  Lab- 
oratory, Manchester,  Eng- 
land, experiments  with  a 
triple-expansion  engine  at 
the,  55-60. 

Wier*s  hydrokineter,  397. 

Woods,  weight  of,  334. 

Yacht  engines,  modern  high- 
speed, 402-404. 

Yachts  and  launches,  steam, 
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comprising  the  Chemistry,  Raw.  Materials,  Machinery,  and  Utensils 
and  Various  Processes  of  Manufacture,  including  a  great  variety  of 
formulas.  Edited  chiefly  from  the  German  of  Dr.  C.  Deite,  A. 
Engelhardt,  Dr.  C.  Schaedler  and  others;  with  additions  and  lists 
of  American  Patents  relating  to  these  subjects.  By  Wm.  T.  Brannt. 
Illustrated  by  163  engravings.     677  pages.     8vo.      .        .        $7.^0 

BRANNT.— A  Practical  Treatise  on  the  Raw  M.'iterials  and  the 
Distillation  and  Rectification  of  Alcohol,  and  the  Prepara- 
tion of  Alcoholic  Liquors,  Liqueurs,  Cordials,  Bitters,  etc.  ; 
Edited  chiefly  from  the  German  of  Dr.  K.  Stammer,  Dr.  F.  Eisner, 
and  E.  Schubert.     By  Wm.  T.  Brannt.     Illustrated  by  thirty-one 
engravings.     i2mo ^2.50 
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BRANNT^WAHL.— The  Techno- Chemical  Receipt  9ooJKt 

Containing  several  thousand  Receipts  covering  the  latest,  niogt  «ir 
portant,  and  most  useful  discoveries  in  Chemical  Technology,  an* 
their  Practical  Application  in  the  Arts  and  the  Industries.  Editet 
chiefly  from  the  German  of  Drs.  Winckler,  Eisner,  Heintze,  Mier 
zinski,  Jacobsen,  Koller,  and  Heinzerlint;,  with  additions  by  Wm.  'i. 
Brannt  and  Wm.  H.  Wahl,  Ph.  D.  Illustrated  by  78  engravinjTN 
:2!Xio.     495  pages  ...  .         $2CQ 

EROWN. — Five  Hundred  and  Seven  Mechanical  Movements: 
Embracing  all  those  which  are  most  important  in  Dynamics,  Hy- 
draulics, Hydrostatics,  Pneumatics,  Steam-Engines,  Mill  and  other 
Gearing,  Presses,  Horology  and  Miscellaneous  Machinery;  and  in- 
cluding many  movements  never  before  published,  and  several  of 
which  have  only  recently  come  into  use.  By  Henry  T.  Brown 
i2mo $i.oc 

BUCKMASTER.— The  Elements  of  Mechanical  Physics : 
By  J.  C.   BUCKM ASTER.       Illustrated    with    numerous   engravings. 
l2mo $1.00 

BULLOCK. — The  American  Cottage  Builder : 
A  Series  of  Designs,  Plans  and  Specifications,  from  $200  to  $20,000, 
for  Homes  for  the  People ;  together  with  Warming,  Ventilation. 
Drainage,  Painting  and  Landscape  Gardening.  By  John  Bullock, 
Architect  and  Editor  of  "  The  Rudiments  of  Architecture  and 
Building,"  etc.,  etc.     Illustrated  by  75  engravings.     8vo.  S3. 50 

3ULLOCK. — The  Rudiments  of  Architecture  and  Building : 
For  the  use  of  Architects,  Builders,  Draughtsmen,  Machinists,  En- 
gineers and  Mechanics.     Edited  by  John  Bullock,  author  of  "  The 
American  Cottage  Builder."  Illustrated  by  250  Engravings.  8vo.  I3.50 

BURGH. — Practical    Rules    for    the   Proportions  of    Modem 
Engines  and  Boilers  for  Land  and  Marine  Purposes. 
By  N.  P.  Burgh,  Engineer.     i2mo.  .  .        $i.sc 

BYLES. — Sophisms    of    Free    Trade    and    Popular    Political 

Economy  Examined. 

By  a  Barrister  (Sir  John  Barnard  Byles,  Judge  of  Common 

Pleas).      From  the   Ninth    English  Edition,  as   published    by   Ihc 

Manchester  Reciprocity  Association.     i2mo.      .         .         .         $125 

BOWMAN.— The  Structure  of  the  Wool  Fibre  in  its  Relation 
to  the  Use  of  Wool  for  Technical  Purposes : 
Being  the  substa/ice,  with  additions,  of  Five  Lectures,  deliverea  at 
the  request  of  the  Council,  to  the  members  of  the  Bradford  Tcchnic  .) 
College,  and  the  Society  of  Dyers  and  Colorists.  By  F.  H.  Bow 
MAN,  D.  Sc.,-F.  R.  S.  E.,  F.  L.  S.  Illustrated  by  32  engravings. 
8vo I6.50 

QYRNE. — Hand-Book  for  the  Artisan,  Mechanic,  and  En^i- 

neer : 

Comprising  the  Grinding  and  Sharpening  of  Cutting  Tools,  Abva-.ve 

Processes,  Lapidary  Work,  Gem  and  Glass  Engraving,  Varnishing 

and  Lackering,  Apparatus,  Materials  and  Processes  for  Grinding  and 
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Polishing,  etc.  By  Oliver  Byrne.  Illustrated  by  185  wood  en- 
gravings.    8vo.         ........        t^5.oo 

6YRNE.— Pocket-Book  for  Railroad  and  Civil  Engineers : 
Containing  New,  Exact  and-Concise  Methods  for  Laying  out  Railroad 
Curves,  Switches,  Frog  Angles  and  Crossings ;  the  Staking  out  of 
work;  Levelling;  the  Calculation  of  Cuttings;  Embankments;  Earth- 
work, etc.  By  Oliver  Byrne.  i8mo,,  full  hound,  pocket-book 
form $1-75 

BYRNE.— The  Practical  Metal- Worker's  Assistant :  I 

Comprising  Metallurgic  Chemistry ;  the  Arts  of  Working  all  Metals 
and  Alloys ;  Forging  of  Iron  and  Steel ;  Hardening  and  Tempering ; 
Melting  and  Mixing;  Casting  and  Founding ;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the  most  Improved  Processes  and  Tools  employed  by  Metal- 
workers. With  the  Application  of  the  Art  of  Electro- Metallurgy  to 
Manufacturing  Processes ;  collected  from  Original  Sources,  and  from 
the  works  of  Holtzapffel,  Bergeron,  Leupold,  Plumier,  Napier, 
Scoffern,  Clay,  Fairbairn  and  others.  By  Oliver  Byrne.  A  new, 
revised  and  improved  edition,  to  which  is  added  an  Appendix,  con- 
taining The  Manufacture  of  Russian  Sheet- Iron.  By  John  Percy, 
M.  D.,  F.  R.  S.  The  Manufacture  of  Malleable  Iron  Castings,  and 
Improvements  in  Bessemer  Steel.  By  A.  A.  Fesquet,  Chemist  and 
Engineer.  With  over  Six  Hundred  Engravings,  Illustrating  every 
Branch  of  the  Subject.     8vo $S-00 

BYRNE.— The  Practical  Model  Calculator: 
For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  Work,  Navaj 
Architect,  Miner  and  Millwright.     By  Oliver  Byrne.     8vo.,  nearly 
600  pages 1^300 

CABINET  MAKER'S  ALBUM  OF  FURNITURE: 
Comprising  a  Collection  of  Designs  for  various  Styles  of  Furniture. 
Illustrated  by  Forty-eight  Large  and  Beautifully  Engrav*^d  Plates, 
Oblong,  8vo ;^2.oo 

CALLINGHAM. — Sign  Writing  and  Glass  Embossing: 
A   Complete  Practical   Illustrated  Manual  of  the  Art.     By  James 
Callingham.     i2mo ^1.50 

CAMPIN. — A  Practical  Treatise  on  Mechanical  Engineering: 
Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Work* 
shop  Machinery,  Mechanical  Manipulation,  Manufacture  of  Steam*^ 
Engines,  etc.  With  an  Appendix  on  the  Analysis  of  Iron  and  Iron 
Ores.  By  Francis  Campin,  C.  E.  To  which  are  added.  Observations 
on  the  Construction  of  Steam  Boilers,  and  Remarks  upon  Furnaces 
used  for  Smoke  Prevention ;  with  a  Chapter  on  Explosions.  By  R, 
Armstrong,  C.  E.,  and  John  Bourne.  Rules  for  Calculating  th« 
Change  Wheels  for  Screws  on  a  Turning  Lathe,  and  for  a  Wheel^ 
cutting  Machine.  By  J.  La  Nicca.  Management  of  Steel,  Includ* 
ing  Forging,  Hardening,  Tempering,  Annealing,  Shrinking  and 
Expansim;  and  the  Case-hardening  of  Iron.  By  G.  Ede.  ^yo. 
Illustrated  with  twenty-nine  plates  and  loo  wood  engraving*      $$.00 
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CAREY. — A  Memoir  of  Henry  C.  Carey. 
By  Dr.  Wm.  Elder,    With  a  portrait.    8vo.,  cloth        ,        .        75 

CAREY.— The  Works  of  Henry  C.  Carey : 

Harmony  of  Interests :   Agricultural,  Manufacturing  and  Commer« 

cial.     8vo. $1.25 

Manual  of  Social  Science.  Condensed  from  Carey's  "  Principles 
of  Social  Science."  By  Kate  McKean.  i  vol.  i2mo.  .  |(2.oo 
Miscellaneous  Works.     With  a  Portrait.    2  vols.   8vo.        $10.00 

Past,  Present  and  Future.    8vo $2.50 

Principles  of  Social  Science.  3  volumes,  8vo.  .  .  ^^7.50 
The  Slave-Trade,  Domestic  and  Foreign;  Why  it  Exists,  and 
How  it  may  be  Extinguished  (1853).  8vo.  .  .  .  $2.00 
The  Unity  of  Law :  As  Exhibited  in  the  Relations  of  Physical^ 
Social,  Mental  and  Moral  Science  (1872J.     8vo.         .         .    .    $2.50 

CLARK. — Tramvirays,  their  Construction  and  Working : 

Embracing  a  Comprehensive  History  of  the  System.  With  an  ex' 
haustive  analysis  of  the  various  modes  of  traction,  including  horse- 
power,  steam,  heated  water  and  compressed  air;  a  description  of  the 
varieties  of  Rolling  stock,  arid  ample  details  of  cost  and  working  ex- 
penses. By  D.  Kinnear  Clark.  Illustrated  by  over  200  wood 
engravings,  and  thirteen  folding  plates.      I  vol.    8vo.         .       $9.00 

COLBURN.— The  Locomotive  Engine  : 
Including  a  Description  of  its  Structure,  Rules  for  Estimating  its 
Capabilities,  and  Practical  Observations  on  its  Construction  and  Man- 
agement.     By  Zerah  Colburn.    Illustrated.     i2mo.         .        $1.00 

COLLENS.— The  Eden  of  Labor ;  or,  the  Christian  Utopia. 
By  T.  Wharton  Collens,  author, of  "  Humanics,"   "  The  History 
of  Charity,"  etc.    i2mo.     Paper  cover,  ;j5i. 00;  Cloth         .        #1.25 

COOLEY. — A  Complete  Practical  Treatise  on  Perfumery : 
Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet  Articles. 
With  a  Comprehensive    Collection  of  Formulae.     By  ARNOLD  J 
Cooley.    i2mo ^1.50. 

COOPER.— A  Treatise  on  the  use  of  Belting  for  t\ie  Trans- 
mission of  Power. 
With  numerous  illustrations  of  approved  and  actual  methods  of  ar- 
ranging Main  Driving  and  Quarter  Twist  Belts,  and  of  Belt  Fasten 
ings.  Examples  and  Rules  in  great  number  for  exhibiting  and  cal- 
culating the  size  and  driving  power  of  Belts.  Plain,  Particular  and 
Practical  Directions  for  the  Treatment,  Care  and  Management  o' 
Belts.  Descriptions  of  many  varieties  of  Beltings,  together  witn 
chapters  on  the  Transmission  of  Power  by  Ropes;  by  Iron  and 
Wood  Frictional  Gearing;  on  the  Strength  of  Belting  Leather;  and 
on  the  Experimental  Investigations  of  Morin,  Briggs,  and  others.  Bf 
John  H.  Cooper,  M.  E.  8vo $3.50 

CkAIK. — The  Practical  American  Millwright  and  M^er. 
By  David  Craik,  Millwright.     Illustrated  by  numerous  wood  en- 
gravings and  two  folding  plates.    8vo.       .        •        •        •        i^3>50 
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CREW. — A  Practical  Treatise  on  Petroleum : 

Comprising  its  Origin,  Geology,  Geographical  Distribution,  History, 
Chemistry,  Mining,  Technology,  Uses  and  Transportation.  Together 
with  a  Description  of  Gas  Wells,  the  Application  of  Gas  as  Fuel,  etc. 
By  Benjamin  J.  Crew.  With  an  Appendix  on  the  Product  and 
Exhaustion  of  the  Oil  Regions,  and  the  Geology  of  Natural  Gas  in 
Pennsylvania  and  New  York.  By  Charles  A.  Ashburner,  M.  S.. 
Geologist  in  Charge  Pennsylvania  Survey,  Philadelphia  Illustrated 
by  70  engravings.     8vo.     508  pages         .         .        .         .        $7.50 

iCROSS.-— The  Cotton  Yarn  Spinner: 

Showing  how  the  Preparation  should  be  arranged  for  Different 
Counts  of  Yarns  by  a  System  more  uniform  than  has  hitherto  been 
practiced;  by  having  a  Standard  Schedule  from  which  we  make  all 
our  Changes.    By  Richard  Cross.     122  pp.     i2mo.      .  75 

CRI8TIANI.— A  Technical  Treatise  on  Soap  and  Candles : 

With  a  Glance  at  the  Industry  of  Fats  and  Oils.  By  R.  S.  Cris 
TIANI,  Chemist.  Author  of  **  Perfumery  and  Kindred  Arts."  Ulus- 
trated  by  176  engravings.     581  pages,  8vo.         .         .         .       ^15.00 

CRISTIANI. — Perfumery  and  Kindred  Arts  : 

A  Comprehensive  Treatise  on  Perfumery,  containing  a  History  of 
Perfumes  from  the  remotest  ages  to  the  present  time.  A  complete  de- 
tailed description  of  the  various  Materials  and  Apparatus  used  in  the 
Perfumer's  Art,  with  thorough  Practical  Instruction  and  careful  For-, 
mulse,  and  advice  for  the  fabrication  of  all  known  preparations  of 
the  day.  By  R.  S.  Cristiani,  Consulting  Chemist  and  Perfumer, 
Philadelphia.  ^  Svo |i  10.00 

COAL  AND  METAL  MINERS'  POCKET  BOOK: 

Of  Principles,  Rules,  Formulae,  and  Tables,  Specially  Compiled 
and  Prepared  for  the  Convenient  Use  of  Mine  Officials,  Mining  En^ 
gineers,  and  Students  preparing  themselves  for  Certificates  of  Compe- 
tency as  Mine  Inspectors  or  Mine  Foremen.  Revised  and  Enlarge^ 
edition.  Illustrated,  565  pages,  small  i2mo.,  cloth  .  |{2.oo 
Pocket  book  form,  flexible  leather  with  flap  .        .        1(2.75 

IDAVIDSON.— A  Practical  Manual  of  House  Paintiag,  Grain* 
ing,  Marbling,  ^and  Sign- Writing : 
CoDtaiaing  full  information  on  the  processes  of  House  Painting  in 
Oil  and  Distemper,  the  Formation  of  Letters  and  Practice  of  Sign- 
Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House  Painters,  Writers,  etc.,  and  a  Collection  of  Useful 
Rece]|>ts.  With  nine  colored  illustrations  of  Woods  and  Marbles^ 
and  numerous  wood  engravings.    By  Ellis  A.  Davidson.    i2mo! 

;S{3.oo 

DA  VIES. — A  Treatise  on   Earthy  and  Other  Minerals   and 
Mining : 
By  D.  C.  Da  VIES,  F.  G.  S.,  Mining  Engineer,  etc.     Illustrated  by 
76  Engravings.     i2mo i^S.oo 
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DA  VIES.— A  Treatise  on  Metalliferous  Minerals  and  Miningt 
By  D.  C.  Davies,  F.  G.  S.,  Mining  Engineer,  Examiner  of  Mines. 
Quarries  and  Collieries.    Illustrated  by  148  engravings  of  Geological 
Formations,    Mining   Operations   and   Machinery,   drawn   from   th« 
practice  of  all  parts  of  the  world,   ^d  Edition,  i2mo.,  450  pages  1^.00 

DAVIE S.~A  Treatise  on  Slate  and  Slate  Quarrying: 
Scientific,  Practical  and  Commercial.     By  D.  C.  Davies,  F.  G.  S., 
Mining   Engineer,  etc.     With   numerous   illustrations   and   folding 
plates.    X3IDO $2.oz 

DAVIS. — A  Treatise  on  Steam-Boiler  Incrustation  and  Meth* 
ods  for  Preventing  Corrosion  and  the  Formation  of  Scale  ; 
By  Charles  T.  Davis.     Illustrated  by  65  engravings.     8vo.    $1.50 

DAVIS.— The  Manufacture  of  Paper : 

Being  a  Description  of  the  various  Processes  for  the  Fabrication, 
Coloring  and  Finishing  of  every  kind  of  Paper,  Including  the  Dif- 
ferent Raw  Materials  and  the  Methods  for  Determining  their  Values, 
the  Tools,  Machines  and  Practical  Details  connected  with  an  intelli- 
gent and  a  profitable  prosecution  of  the  art,  with  special  reference  to 
the  best  American  Practice.  To  which  are  added  a  History  of  Pa- 
per, complete  Lists  of  Paper-Making  Materials,  List  of  American 
Machines,  Tools  and  Processes  used  in  treating  the  Raw  Materials, 
and  in  Making,  Coloring  and  Finishing  Paper.  By  Charles  T. 
Davis.     Illustrated  by  156  engravings.    608  pages,  8vo.  |6.oo 

DAVIS. — The  Manufacture  of  Leather: 

Being  a  description  of  all  of  tl  Processes  for  the  Tanning,  Tawing, 
Currying,  Finishing  and  Dyeing  of  every  kind  of  Leather ;  including 
the  various  Raw  Materials  and  the  Methods  for  Determining  their 
Values;  the  Tools,  Machines,  and  all  Details  of  Importance  con- 
nected with  an  Intelligent  and  Profitable  Prosecution  of  the  Art,  with 
Special  Reference  to  the  Best  American  Practice.  To  which  are 
added  Complete  Lists  of  all  American  Patents  for  Materials,  Pro- 
cesses, Tools,  and  Machines  for  Tanning,  Currying,  etc.  By  Charles 
Thomas  Davis.  Illustrated  by  302  engravings  and  12  Samples  of 
Dyed  Leathers.    One  vol.,  8vo.,  824  pages        .        •        •      ^(12.50 

DAWIDOWSKY— BRANNT.— A   Practical  Treatise  on  the 

Raw  Materials  and  Fabrication  of  Glue,  Gelatine,  Gelatine 

Veneers  and  Foils,  Isinglass,  Cements,  t^astes,  Mucilages, 

etc. : 

Eased  upon  Actual  Experience.     By  F.  Dawidowsky,  Technical 

Chemist.     Translated  from  the  German,  with  extensive  additions, 

including  a  description  of  the  most  Recent  American  Processes,  by 

William  T.  Brannt,  Graduate  of  the  Royal  Agricultural  College 

of  Eldena,  Prussia.     35  Engravings.     l2mo.    .         .         .         ^2.50 

D£  GRAFF.— The  Geometrical  Stair-Builders'  Guide: 
Being  a  Plain  Practical  System  of  Hand-Railing,  embracing  all  its 
necessary  Details,  and  Geometrically  Illustrated  by  twenty-two  Steel 
Engravings ;  together  with  the  use  of  the  most  approved  pnnciplei 
of  E^actical  Geometry.     By  Simon  De  Graff,  Architect     ^to. 

1^2.50 
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D£  KONINCK—DIETZ.^A  Practical  Manual  of  Chemical 
Analysis  and  Assaying : 

As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to  Cast  Iron, 

Wrought   Iron,  and  Steel,  as  found   in  Commerce.     By  L.  L.  De 

KONINCK,  Dr.  Sc,  and  E.  Dietz,  Engineer.     Edited  with  Notes,  by 

Robert  Mallet,  F.  R.  S.,  F.  S.  G.,  M.  I.  C.  E.,  etc.    American 

Edition,  Edited  with  Notes  and  an  Appendix  on  Iron  Ores,  by  A.  A, 

Fesquet,  Chemist  and  Engineer.     i2mo.  .        .        .     *   |i-50 

DUNCAN.— Practical  Surveyor's  Guide: 
Containing  the  necessary  information  to  make  any  person  of  com* 
mon  capacity,  a  finished  land  surveyor  without  the  aid  of  a  teacher 
By  Andrew  Duncan.    Revised.  72  engravings,  214pp.  i2mo.  ^1.50 

DUPLAIS. — A  Treatise  on  the  Manufacture  and  Distillation 
of  Alcoholic  Liquors: 
Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol 
from  Wine,  Molasses,  Beets,  Grain,  Rice,  Potatoes,  Sorghum,  Aspho 
del.  Fruits,  etc. ;  with  the  Distillation  and  Rectification  of  Brandy, 
Whiskey,  Run*,  Gin,  Swiss  Absinthe,  etc.,  the  Preparation  of  Aro- 
matic Waters,  Volatile  Oils  or  Essences,  Sugars,  Syrups,  Aromatic 
Tinctures,  Liqueurs,  Cordial  Wines,  Effervescing  Wines,  etc.,  the 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  CopioHfl 
Directions  and  Tables  for  Testing  and  Reducing  Spirituous  Liquors, 
etc.,  etc.  Translated  and  Edited  from  the  French  of  MM.  DuPLAls, 
Ain^  et  Jeune.  By  M.  McKennie,  M.  D.  To  which  are  added  the 
United  States  Internal  Revenue  Regulations  for  the  Assessment  and 
Collection  of  Taxes  on  Distilled  Spirits.  Illustrated  by  fourteen 
folding  plates  and  several  wood  engravings.     743  pp.  8vo.        $1000 

DUS8AUCB.— -Practical  Treatise  on  the  Fabrication  of  MatcheSi 

Gun  Cotton,  and  Fulminating  Povirder. 
By  Professor  H.  Dussauce.     i2mo.  I3  00 

DYER  AND  COLOR-MAKER'S  COMPANION: 

Containing  upwards  of  two  hundred  Receipts  for  making  Colors,  on 
the  most  approved  principles,  for  all  the  various  styles  and  fabrics  now 
in  existence;  with  the  Scouring  Process,  and  plain  Directions  for 
Preparing,  Washing-off,  and  Finishing  the  Goods.     i2mo.  ;^i.oo 

EDWARDS. — A  Catechism  of  the  Marine  Steam-Engine, 
For  the  use  of  Engineers,  Firemen,  and  Mechanics.  A  Practical 
Work  for  Practical  Men.  By  Emory  Edwards,  Mechanical  Engi- 
neer.  Illustrated  by  sixty-three  Engravings,  including  examples  of 
the  most  modern  Engines.  Third  edition,  thoroughly  revised,  with 
much  additional  matter.     1 2  mo.  414  pages        .         .         .         ^2  00 

EDWARDS. — Modem  American  Locomotive  Engines, 
Their  Design,  Construction  and  Management.     By  Emory  EdwaroSc 
Illustrated  i2mo ]^2.oo 

EDWARDS.— The  American  Steam  Engineer : 
Theoretical  and  Practical,  with  examples  of  the  latest  and  most  ap- 
proved American  practice  in  the  design  and  construction  of  Steam 
Engines  and  Boilers.  P'or  the  use  of  engineers,  machinists,  boiler- 
wikers,  and  engineering  students.  By  Emory  Edwards.  Fully 
illustrated,         419  pages.     i2mo.  •        •        •        •        $2.so 
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EDWARDS. — Modem  American  Marine  Engines,  Boilers,  aiM 
Screw  Propellers, 

Their  Design  and  Construction.     Showing  the  Present  Praaice  of 

the  most  Eminent  Engineers  and  Marine  Engine  Builders  in  the 

United  States.   Illustrated  by  30  large  and  elaborate  plates.  4to.  $5.00 

£DWARDS.—The  Practical  Steam  Engineer's  Guide 

In  the  Design,  Construction,  and  Management  of  American  Stationary, 

Portable,  and  Steam  Fire-Engines,  Steam  Pumps,  Boilers,  Injector?^ 

Governors,  Indicators,  Pistons  and  Rings,  Safety  Valves  and  Steam 

Gauges.     For  the  use  of  Engineers,  Firemen,  and  Steam  Users.    By 

Emory  Edwards.      Illustrated  by   119  engravings.    420   pages. 
i2mo .'        ;^2  50 

EISSLER.— The  Metallurgy  of  Gold : 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-Bear« 
ing  Ores,  including  the  Processes  of  Concentration  and  Chlorination, 
and  the  Assaying,  Melting,  and  Refining  of  Gold.  By  M.  Eissler. 
With  132  Illustrations.     i2mo J^S-OO 

EISSLER.— The  Metallurgy  of  Silver  : 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation 
of  Silver  Ores,  including  the  Assaying,  Melting,  and  Refining  of 
Silver    Bullion.     By    M.    Eissler.     124    Illustrations.      336    pp. 

.    i2mo $4-25 

ELDER. — Conversations  on  the  Principal  Subjects  of  Political 
Economy. 
By  Dr.  William  Elder.    8vo IJ2.50 

ELDER.— Questions  of  the  Day, 

Economic  and  Social.     By  Dr.  William  Elder.    8vo.     .      I3.00 

BRNI. — Mineralogy  Simplified. 
Easy  Methods  of  Determining  and  Classifjdng  Minerals,  including 
Ores,  by  means  of  the  Blowpipe,  and  by  Humid  Chemical  Analysis, 
based  on  Professor  von  Kobell's  Tables  for  the  Determination  of 
Minerals,  with  an  Introduction  to  Modem  Chemistry.  By  Henry 
Erni,  A.m.,  M.D.,  Professor  of  Chemistry.  Second  Edition,  rewritten, 
enlarged  and  improved.  i2mo. $3  0C 

FAIRBAIRN.— The  Prmciples  of  Mechanism  and  Machinery 
of  Transmission  * 
Comprising  the  Principles  of  Mechanism,  Wheels,  and  Pulleys, 
Strength  and  Proportionsof  Shafts,  Coupling  of  Shafts,  and  Engag. 
ing  and  Disengaging  Gear.  By  SiR  William  Fairbairn,  Bait 
C.  E.  Beautifully  tllustrated  by  over  150  wood-cuts.  In  one 
volume,  i2mo. •        $2.y, 

FLEMING.— Narrow  Gauge  Railways  in  America. 

A  Sketch  of  their  Rise,  Progress,  and  Success.     Valuable  Statistics 

■     as  to  Grades,  Curves,  Weight  of  Rail,  Locomotives,  Cars,  etc.     By 

Howard  Fleming.     Illustrated,  8vo jJ5i  00 

FORSYTH.— Book  of  Designs  for  Headstones,   Mural,  and 
other  Monuments : 
Containing  78  Designs.    By  James  Forsyth.   With  an  Introduction 
liy  Charles  Boutell,  M.  A.    4  to.,  cloth      .       .        •       $i  ^ 
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FRANKEL— HUTTER.— A  Practical  Treatise  on  the  Manu« 
facture  of  Starch,  Glucose,  Starch- Sugar,  and  Dextrine: 
Based  on  the  German  of  Ladislaus  Von  Wagner,  Professor  in  the 
Royal  Technical  High  School,  Buda-Pest,  Hungary,  and  other 
authorities.  By  Julius  Frankel,  Graduate  of  the  Polytechnic 
School  of  Hanover.  Edited  by  Robert  Hutter,  Chemist,  Practicai 
Manufacturer  of  Starch-Sugar.  Illustrated  by  58  engravings,  cover- 
ing every  branch  of  the  subject,  including  examples  of  the  most 
Recent  and  Best  American  Machinery.     8vo.,  344  pp.      ,        I3.50 

GARDNER.— The  Painter's  Encyclopaedia: 
Containing  Definitions  of  all  Important  Words  in  the  Art  of  Plain 
and  Artistic  Painting,  with  Details  of  Practice  in  Coach,  Carriage, 
Railway  Car,  House,  Sign,  and  Ornamental  Painting,  including 
Graining,  Marbling,  Staining,  Varnishing,  Polishing,  Lettering, 
Stenciling,  Gilding,  Bronzing,  etc.  By  FRANKLIN  B.  Gardner. 
158  Illustrations.     i2mo.    427  pp $2.0Q 

GARDNER.— Everybody's  Paint  Book: 
A  Complete  Guide  to  the  Art  of  Outdoor  and  Indoor  Painting,  De- 
signed for  the  Special  Use  of  those  who  wish  to  do  their  own  work, 
and  consisting  of  Practical  Lessons  in  Plain  Painting,  Varnishing, 
Polishing,  Staining,  Paper  Hanging,  Kalsomining,  etc.,  as  well  as 
Directions  for  Renovating  Furniture,  and  Hints  on  Artistic  Work  for 
Home  Decoration.     38  Illustrations.     i2mo.,  183  pp.       .        ;$$i.oo 

SEE.— The  Goldsmith's  Handbook : 
Containing  full  instructions  for  the  Alloying  and  Working  of  Gold, 
including  the  Art  of  Alloying,  Melting,  Reducing,  Coloring,  CoL 
lecting,  and  Refining;  the  Processes  of  Manipulation,  Recovery  of 
Waste;  Chemical  and  Physical  Properties  of  Gold;  with  a  New 
System  of  Mixing  its  Alloys ;  Solders,  Enamels,  and  other  Useful 

,  Rules  and  Recipes.     By  George  E.  Gee.     i2mo.   .        .        $i'7S 

GEE.— The  Silversmith's  Handbook  : 

Containing  full  instructions  for  the  Alloying  and  Working  of  Silver, 
including  the  different  modes  of  Refinin'^;  and  Melting  the  Metal ;  its 
Solders ;  the  Preparation  of  Imitation  Alloys ;  Methods  of  Manipula- 
tion ;  Prevention  of  Waste ;  Instructions  for  Improving  and  Finishing 
the  Surface  of  the  Work ;  together  with  other  Useful  Information  and 
Memoranda.     By  George  E.  Gee.     Illustrated.     i2mo.        $^-7$ 

GOTHIC  ALBUM  FOR  CABINET-MAKERS: 

Designs  for  Gothic  Furniture.     Twenty-three  plates.     Oblong  ^2.00 

jRANT.— A  Handbook  on  the  Teeth  of  Gears  : 
Their  Curves,  Properties,  and  Practical  Construction.     By  Georgk 
B.  Grant.     Illustrated.     Third  Edition,  enlarged.     8vo.         $i  00 

GREEN  WOOD.— Steel  and  Iron : 

Comprising  the  Practice  and  Theory  of  the  Several  Methods  Pur- 
sued in  their  Manufacture,  and  of  their  Treatment  in  the  Rolling- 
Mills,  the  Forge,  and  the  Foundry.  By  William  Henry  Green* 
WOOD,  F.  C.  §♦     With  97  Diagrams,  536  pages.     i2mo.        1^2.00 


14       HENRY   CAREY   BAIRD  &  CO.'S  CATALOGUE. 


GREGORY. — Mathematics  for  Practical  Men : 

Adapted  to  the  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engineers.     By  Olinthus  Gregory.    8vo.,  plates        ^^3.00 

GRISWOLD. — Railroad  Engineer's  Pocket  Companion  for  th( 
Field : 

Comprising  Rules  for  Calculating  Deflection  Distances  and  Angles, 
Tangential  Distances  and  Angles,  and  all  Necessary  Tables  for  En 
gineers ;  also  the  Art  of  Levelling  from  Preliminary  Survey  to  the 
Construction  of  Railroads,  intended  Expressly  for  the  Young  En- 
gineer, together  with  Numerous  Valuable  Rules  and  Examples.     By 

W.  Griswold.     i2mo..  tucks ^5^-75 

GRUNER. — Studies  of  Blast  Furnace  Phenomena: 

By  M.  L.  Gruner,  President  of  the  General  Council  of  Mines  oi 
France,  and  lately  Professor  of  Metallurgy  at  the  Ecole  des  Mines. 
Translated,  with  the  author's  sanction,  with  an  Appendix,  by  L.  D. 
B.  Gordon,  F.  R.  S.  E.,  F.  G.  S.    8vo.  .        .        .        $2.$^ 

Hand-Book  of  Useful  Tables  for  the  Lumberman,  Parmet  and 
Mechanic : 

Containing  Accurate  Tables  of  Logs  Reduced  to  Inch  Board  Meas. 
ure.  Plank,  Scantling  and  Timber  Measure ;  Wages  and  Rent,  by 
Week  or  Month;  Capacity  of  Granaries,  Bins  and  Cisterns;  Land 
Measure,  Interest  Tables,  with  Directions  for  Finding  the  Interest  on 
any  sum  at  4,  5,  6,  7  and  8  per  cent.,  and  many  other  Useful  Tables. 
32  mo.,  boards.     186  pages .25 

IIASERICK.— The  Secrets  of  the  Art  of  Dyeing  Wool,  Cotton, 
and  Linen, 
Including  Blfeaching  and  Coloring  Wool  and  Cotton  Hosiery  and 
Random  Yarns.  A  Treatise  based  on  Economy  and  Practice.  By 
E.  C.  Haserick.  Illustrated  by  323  Dyed  Patterns  of  the  Varnt 
or  Fabrics.    8vo.        ........        ^7.50 

HATS  AND  FELTING : 

A  Practical  Treatise  on  their  Manufacture.  By  a  Practical  Hatter. 
Illustrated  by  Drawings  of  Machinery,  etc.    8vo.       .        .        $1.25 

HOFFER. — A  Practical  Treatise  on  Caoutchouc  and  Gutta 
Percha, 
Comprising  the  Properties  of  the  Raw  Materials,  and  the  manner  nr 
Mixing  and  Working  them ;  with  the  Fabrication  of  Vulcanized  and 
Hard  Rubbers,  Caoutchouc  and  Gutta  Percha  Compositions,  Water- 
proof Substances,  Elastic  Tissues,  the  Utilization  of  Waste,  etc.,  tu. 
From  the  German  of  Raimund  Hoffer.  By  W.  T.  Hraivnt. 
Illustrated  i2mo 1^2. £c 

HAUPT. — Street  Railway  Motors: 

With  Descriptions  and  Cost  of  Plants  and  Operation  of  the  Varioui 
Systems  now  in  Use.     i2mo. ^1-75 
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HAUPT— RHAWN.— A  Move  for  Better  Roads: 

Essays  on  Road-making  and  Maintenance  and  Road  Laws,  for 
which  Prizes  or  Honorable  Mention  were  Awarded  through  the 
University  of  Pennsylvania  by  a  Committee  of  Citizens  of  Philadel* 
phia,  with  a  Synopsis  of  other  Contributions  and  a  Review  by  the 
Secretary,  Lewis  M.  Haupt,  A.  M.,  C.  E.;  also  an  Introduction  by 
•    William  H.  Rhawn,  Chairman  of  the  Committee.    319  pages. 

8vo $2.0Q 

HUGHES. — American  Miller  and  Millwright's  Assistant : 
By  William  Carter  Hughes.    i2mo $t.so 

HULME. — Worked  Examination  Questions  in  Plane  Geomet- 
rical Drawing : 
For  the  Use  of  Candidates  for  the  Royal  Military  Academy,  Wool- 
wich ;  the  Royal  Military  College,  Sandhurst ;  the  Indian  Civil  En- 
gineering College,  Cooper's  Hill';  Indian  Public  Works  and  Tele- 
graph Departments;  Royal  Marine  Light  Infantry;  the  Oxford  and 
Cambridge  Local  Examinations,  etc.  By  F.  Edward  Hulme,  F.  L. 
S.,  F.  S.  A.,  Art- Master  Marlborough  College.  Illustrated  by  360 
examples.     Small  quartc $2.50 

JER VIS.— Railroad  Property: 

A  Treatise  on  the  Construction  and  Management  of  Railways; 
designed  to  afford  useful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property ;  as  well  as  Railway  Managers,  Oflfi' 
cers,  ar.d  Agents.  By  John  B.  Jervis,  late  Civil  Engineer  of  the 
Hudson  River  Railroad,  Croton  Aqueduct,  etc.    i2mo.,  cloth       $2xx: 

KEENE.— A  Hand-Book  of  Practical  Gauging: 
For  the  Use  of  Beginners,  to  which  is  added  a  Chapter  on  Distilla- 
tion, describing  the  process  in  operation  at  the  Custom- House  fo* 
ascertaining  the  Strength  of  Wines.     By  James  B.  Keene,  of  H.  M. 
Customs.     8vo. $1.25 

KELLEY. — Speeches,  Addresses,  and  Letters  on  Industrial  and 
Financial  Questions : 
By  Hon.  William  D.  Kelley,  M.  C..   544  pages,  8vo.  .        JR2.5G 

KELLOGG.— A  New  Monetary  System  : 
The  only  means  of  Securing  the  respective  Rights  of  Labor  and 
Property,  and  of  Protecting  the  Public  from  Financial  Revulsions. 
By  Edward  Kellogg.  Revised  from  his  wort  on  "Labor  and 
other  Capital.**  With  numerous  additions  from  his  mnnuscript. 
Edited  by  Mary  Kellogg  Putnam.  Fifth  edition.  To  which  i» 
added  a  Biographical  Sketch  of  the  Author.     One  volume,  i2mo. 

Paper  cover       .         , 1 1 ,00 

Bound  in  cloth  ........  I.25 

KEMLO.— Watch- Repairer's  Hand-Book : 
Being  a  Complete  Guide  to  the  Young  Beginner,  in  Taking  Apart, 
Pulling  Together,  and  Thoroughly  Cleaning  the  English  Lever, and 
other  Foreign  Watches,  gpd  all  American  Watches.     By  F.  Kemlo, 
Practical  Watchmaker.     With  lUus^f^^igns.     i2mo.  •        $1.2$ 
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KENTISH.— A  Treatise  on  a  Box  of  Instruments, 
And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Logs 
rithms,  including  Practical  Geometry,  Surveying,  Measuring  of  Tim- 
ber, Cask  and  Malt  Gaugmg,  Heights,  and  Distances.     By  Thoma* 
Kentish.     In  one  volume.     i2mo.  .        .        ,        .        ^1.25 

KERL.— The  Assayer's  Manual : 

An  Abridged  Treatise  on  the  Docimastic  Examination  of  Ores,  and 
Furnace  and  other  Artificial  Products.  By  Bruno  Kerl,  Professor 
in  the  Royal  School  of  Mines.  Translated  from  the  German  by 
William  T.  Brannt.  Second  American  edition,  edited  with  Ex- 
tensive Additions  by  F.  Lynwood  Garrison,  Member  of  the 
American  Institute  of  Mining  Engineers,  etc.  Illustrated  by  87  en- 
gravings.   8vo •  $^,oc 

KICK. — Flour  Manufacture. 
A  Treatise  on  Milling  Science  and  Practice.  By  Frederick  Kick 
Imperial  Regierungsrath,  Professor  of  Mechanical  Technology  in  tht 
imperial  German  Polytechnic  Institute,  Prague.  Translated  from 
the  second  enlarged  and  revised  edition  with  supplement  by  H.  H. 
P.  PowLES,  Assoc.  Memb.  Institution  of  Civil  Engineers.  Illustrated 
with  28  Plat^,  and  167  Wood-cuts.     367  pages.    8vo.      .     ^10.00 

KINGZETT.—The  History,  Products,  and  Processes  of  the 
Alkali  Trade : 
Including  the  most  Recent  Improvements.     By  Charles  Thomas 
KiNGZETT,  Consulting  Chemist.    With  23  illustrations.   8vo.      $2.SC 

KIRK.— The  Founding  of  Metals : 
A  Practical  Treatise  on  the  Melting  of  Iron,  with  a  Description  of  th< 
Founding  of  Alloys;  also,  of  all  the  Metals  and  Mineral  Substances 
used  in  the  Art  of  Founding.  Collected  from  original  sources.  B> 
Edward  Kirk,  Practical  Foundryman  and  Chemist.  Illustrated 
Third  edition.    8vo.  .         .        .        •        •        .        .        1^2.50 

LANDRIN.— A  Treatise  on  Steel : 
Comprising  its  Theory,  Metallurgy,  Properties,  Practical  Working, 
and  Use.  By  M.  H.  C.  Landrin,  Jr.,  Civil  Engineer.  Translated 
from  the  French,  with  Notes,  by  A.  A.  Fesquet,  Chemist  and  En 
gineer.  With  an  Appendix  on  ihe  Bessemer  and  the  Martin  Pro* 
eesses  for  Manufacturing  Steel,  from  the  Report  of  Abram  S.  Hewitt 
United  States  Commissioner  to  the  Universal  Exposition,  Paris,  i867« 
l2mo fe.oo 

LANGBEIN. — A  Complete  Treatise  on  the  Electro-Deposition 
of  Metals : 
Translated  from  the  German,  with  Additions,  by  Wm.  T.  Brannt. 
125  illustrations.     8vo 1^4.00 

LARDNER.— The  Steam-Engine : 

For  the  Use  of  Beginners.     Illustrated.     i2mo.    •        •        •        75 

LEHNER.— The  Manufacture  of  Ink: 
Comprising  the  Raw  Materials,  and  the  Preparation  df  Wnting, 
Copying  and  Hektograph  Inks,  Safety  Inks,  Ink  Extracts  and  Pow- 
ders, etc.     Translated  from  the  German  of  SiGMUND  Lehner,  with 
additions  by  WjLLiAM  T.  Brannt.     Illustrated.     i2mo,  ^2.00 
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LARKIN. — The  Practical  Brass  and  Iron  Pounder's  Guide: 
A  Concise  Treatise  on  Brass  Founding,  Moulding,  the  Metals  and 
their  Alloys,  etc.;  to  which  are  added  Recent  Improvements  in  the 
Manufacture  of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  By 
James  Larkin,  late  Conductor  of  the  Brass  Foundry  Department  in 
Keany,  Neafie  &  Co.'s  Penn  Works,  Philadelphia.  New  edition, 
revised,  with  extensive  additions.     i2mo.  ...        .        $2.50 

LBROUX. — A  Practical  Treatise  on  the  Manufacture  of 
Worsteds  and  Carded  Yams : 
Comprising  Practical  Mechanics,  with  Rules  and  Calculations  applied 
to  Spinning ;  Sorting,  Cleaning,  and  Scouring  Wools ;  the  English 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
and  Manufacturing  Carded  Yams.  Translated  from  the  French  of 
Charles  Leroux,  Mechanical  Engineer  and  Superintendent  of  a 
Spinning-Mill,  by  Horatio  Paine,  M.  D.,  and  A.  A.  Fesquet, 
Chemist  and  Engineer.  Illustrated  by  twelve  large  Plates.  To  which 
is  added  an  Appendix,  containing  Extracts  from  the  Reports  of  the 
International  Jury,  and  of  the  Artisans  selected  by  the  Committee 
appointed  by  the  Council  of  the  Society  of  Arts,  London,  on  Woolen 
and  Worsted  Machinery  and  Fabrics,  as  exhibited  in  the  Paris  Uni* 
versal  Exposition,  1867.    8vo.  .         .         .        •        •         $$.0^ 

LBFFBL.— The  Construction  of  Mill-Dams : 
Comprising  also  the  Building  of  Race  and  Reservoir  Embankmentj 
and  Head-Gates,  the  Measurement  of  Streams,  Gauging  of  Water 
Supply,  etc.     By  James  Leffel  &  Co.    Illustrated  by  58  engravings. 
8vo. ^1^2.50 

LESLIE.— Complete  Cookery: 
Directions  for  Cookery  in  its  Various  Branches.     By  Miss  Leslie. 
Sixtieth  thoasand.     Thoroughly  revised,  with  the  addition  of  New 
Receipts.     i2mo ^i*5o 

LE  VAN. — The  Steam  Engine  and  the  Indicator : 

Their  Origin  and  Progres,sive  Development;  including  the  Most 
Recent  Examples  of  Steam  and  Gas  Motors,  together  with  the  Indi- 
cator, its  Principles,  its  Utility,  and  its  Application.  By  William 
Barnet  Le  Van.  Illustrated  by  205  Engravings,  chiefly  of  Indi. 
cator-Cards.    469  pp.     8vo :        ^-oo 

LIEBER.— Assayer's  Guide  : 
Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters,  for  the 
Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  for  the  Ores  of  all 
the  principal  Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
Coal,  etc.     By  Oscar  M.  L1E6ER.     Revised.  283  pp.  i2mo.     ;^i.5o 

Lockwood's  Dictionary  of  Terms : 

Used  in  the  Practice  of  Mechanical  Engineering,  embracing  those 
Current  in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turn- 
ing, Smith's  and  Boiler  Shops,  etc.,  etc.,  comprising  upwards  of  Six- 
Thousand  Definitions.  Edited  by  a  Foreman  Pattern  Maker,  author 
ui  "  Pattern  Making."     417  pp.     i2mo.  .        .         .        fe.oo 


i8         HENRY  CAREY  BAIRD  &  CO.'S  CATALOGX^L 

LUKIN.-^Amongst  Machines  i 
Embracing  Descriptions  of  the  .various  Mechanical  Appliances  used 
in  the  ^fanufacture  of  Wood,  Metal,  and  other  Substances.    i2mo. 

LUKIN.— The  Boy  Engineers: 
What  They  Did,  and  How  They  Did  It.     With  30  plates.    l8mo. 

LUKIN.— The  Young  Mechanic  : 
Practical  Carpentiy.  Containing  Directions  for  the  Use  of  all  kinds 
4)f  Tools,  and  for  Construction  of  Steam- Engines  and  Mechanica) 
Models,  including  the  Art  of  Turning  in  Wood  and  Metal.  By  John 
LUKiN,  Author  of  "The  Lathe  and  Its  Uses,"  etc.  Illustrated. 
I2nio I1.75 

MAIN  and  BROWN. — Questions  on  Subjects  Connected  with 

the  Marine  Steam-Engine : 

And    Examination    Papers;    with    Hints    for    their  Solution.     By 

Thomas  J.  Main,  Professor  of  Mathematics,  Royal  'Jfaval  College, 

and  Thomas  Brown,  Chief  Engineer,  R.  N.    i2mo.,  cloth  .       |i.oo 

MAIN  and  BROWN. — The  Indicator  and  Dynamometer: 
With  their  Practical  Applications  to  the  Steam-Engine.     By  THOICA9 
J.  Main,  M.  A.  F.  R.,  Ass*t   S.   Professor   Rj^yal  Naval  College, 
Portsmouth,  and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  Engineei 
R.  N.,  attached  to  the  R.  N.  College.     Illustrated.     8vo.  .         ;^i.oo 

MAIN  and  BROWN.— The  Marine  Steam-Engine. 
By  Thomas  J.  Main,  F.  R.  Ass't  S.  Mathematical  Professor  at  the 
Royal   Naval   College,  Portsmouth,  and   Thomas   Brown,  Assoc. 
Inst.  C.  E.,  Chief  Engineer  R.  N.     Attached  to  the  Royal  Naval 
College.     With  numerous  illustrations.     8vo. 

MAKINS.— A  Manual  of  Metallurgy: 

By  George  Hogarth  Makins.     100  engravings.     Second  edition 
rewritten  and  much  enlarged.     i2mo.,  592  pages      .         .         J53.oc 

MARTIN.— Screw-Cutting  Tables,  for  the  Use  of  Mechanica) 
Engineers : 
Showing  the  Proper  Arrangement  of  Wheels  for  Cutting  the  Threads 
of  Screws  of  any  Required  Pitch ;  with  a  Table  for  Making  the  Uni- 
versal Oas-Pipe  Thread  and  Taps.  By  W.  A.  Martin,  Engineer. 
Svo. 5c 

MICHELrL.>-Mine  Drainage: 
Being  a  Complete  and  Practical  Treatise  on  Direct-Acting  Under- 
l^ound  Steam  Pumping  Machinery.  With  a  Description  of  a  large 
number  of  the  best  known  Engines,  their  General  Utility  and  the 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  Merits  compared  with  other  Pumping  Machinery.  By  Stephen 
Michell.    Illustrated  by  137  engravings.    8vo.,  277  pages  .       $b.o(t 

MOLESWORTH.— Pocket-Book    of    Useful    Formulae    and 
Memoranda  for  Civil  and  Mechanical  Engineers. 
By  Guilford  L.  Molesworth,  Member  of  the  Institution  of  Civil 
Eogineei-s^  Chief  Resident  Engineer  of  the  Ceylon  Railway.     Full- 
bound  in  Pocket-book  form      •        •        •        •        •        •        $%.Oi 
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MOORE.— The  Universal  Assistant  and  the  Complete  M»* 
chanic: 

Containing  over  one  million  Industrial  Facts,  Calculations,  Receipts^ 

.  Processes,  Trades  Secrets,  Rules,  Business  Forms,'  Legal  Items,  Etc., 
in  every  occupation,  from  the  Household  to  the  Manufactory.  Bj 
R.  Moore.     Illustrated  by  500  Engravings.     i2mo.  .         I2.50 

MORRIS. — Easy  Rules  for  the  M<;asurement  of  Earthworks : 
By  means  of  the  Prismoidal  Formula.  Illustrated  with  Numerous 
Wood-Cuts,  Problems,  and  Examples,  and  concluded  by  an  Exten* 
sive  Table  for  finding  the  Solidity  in  cubic  yards  from  Mean  Areas. 
The  whole  being  adapted  for  convenient  use  by  Engineers,  Surveyors, 
Contractors,  and  others  needing  Correct  Measurements  of  Earthwork. 
By  Elwood  Morris,  C.  E.    8vo ^^1.50 

MAUCHLINE.— The  Mine  Foreman's  Hand-Book 
Of  Practical  and  Theoretical  Information  on  the  Opening,  Venti- 
lating, and  Working  of  Collieries.  Questions  and  Answers  on  Prac- 
tical and  Theoretical  Coal  Mining.  Designed  to  Assist  Students  and 
Others  in  Passing  Examinations  for  Mine  Foremanships.  By 
Robert  Mauchline,  Ex-Inspector  of  Mines.  A  New,  Revised  and 
Enlarged  Edition.  Illustrated  by  114  engravings.  8vo.  337 
pages I3.75 

tIAPIER. — A  System  of  Chemistry  Applied  to  Dyeing. 
By  James  Napier,  F.  C.  S.  A  New  and  Thoroughly  Revised  Edi- 
tion. Completely  brought  up  to  the  present  state  of  the  Science, 
mcluding  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  Fesquet, 
Chemist  and  Engineer.  With  an  Appendix  on  Dyeing  and  Calicq 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867.  Illus- 
trated. 8vo.  422  pages $3 -50 

NEVILLE.— Hydraulic  Tahles,  Coefficients,  and  Formulse,  foi 
finding  the  Discharge  of  Water  from  Orifices,  Notches, 
Weirs,  Pipes,  and  Rivers : 
Third  Edition,  with  Additions,  consisting  of  New  Formulae  for  the 
Discharge  from  Tidal  and  Flood  Sluices  and  Siphons ;  general  infor* 
mation  on  Rainfall,  Catchment-Basins,  Drainage,  Sewerage,  Waie» 
Supply  for  Towns  and  Mill  Power.  By  ToHN  Neville,  C.  E.  M  R 
I.  A. ;  Fellow  of  the  Royal  Geological  Society  of  Ireland.  Thid* 
l2mo .  $5.50 

NEWBERY.— Gleanings  from  Ornamental  Art  of  every 
style : 
Drawn  from  Examples  in  the  British,  South  Kensington,  Indian, 
Crystal  Palace,  and  other  Museums,  the  Exhibitions  of  185 1  and 
1862,  and  the  best  English  and  Foreign  works.  In  a  series  of  100 
exquisitely  drawn  Plates,  containing  many  hundred  examples.  By 
Robert  Newbery.   4to. ^512.50 

NICHOLLS.  —The  Theoretical  and  Practical  Boiler-Maker  and 
Engineer's  Reference  Book: 

Containing  a  variety  of  Useful  Information  for  Employers  of  Lahoc 
Fpremen  and  Workinn  Boiler- Makers,  Iroa,  Copper,  and  Titismiths 
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Draughtsmen,  Engineers,  the  General  Steam-using  Public,  and  for  tht 
Use  of  Science  Schools  and  Classes.  By  Samuel  Nicholls.  I11u» 
trated  by  sixteen  plates,  1 2mo. 1^2,50 

NICHOLSON.— A  Manual  of  the  Art  of  Bookbinding : 
Containing  full  instructions  in  the  different  Branches  of  Forward) ngp 
Gilding,  and  Finishing.     Also,  the  Art  of  Marbling  Book-edges  and 
Paper.     By  James  B.  Nicholson.     Illustrated.  i2mo.,  cloth    ;(52.25 

NICOLLS.— The  Railway  Builder: 
A  Hand- Book  for  Estimating  the  Probable  Cost  of  American  Rail- 
way Construction  and  Equipment.     By  William  J.  NicoLLS,  Civil 
Engineer.    Illustrated,  full  bound,  pocket-book  form  .         ;f(2.oo 

J^^ORMANDY. — The  Commercial  Handbook  of  Chemical  An* 
alysis : 
Or  Practical  Instructions  for  the  Determination  of  the  Intrinsic  ot 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades, 
and  in  the  Arts.  By  A.  Normandy.  New  Edition,  Enlarged,  and 
to  a  great  extent  rewritten.  By  Henry  M.  Noad,  Ph.D.,  F.R.S., 
thick  i2mo $5.00 

NORRIS. — A  Handbook  fcr  Locomotive  Engineers  and  Ma- 
chinists : 
Comprising  the  Proportions  and  Calculations  for  Constructing  Loco- 
motives ;  Manner  of  Setting  Valves ;  Tables  of  Squares,  Cubes,  Areas, 
etc.,  etc.  By  Septimus  Norris,  M.  E.  New  edition.  Illustrated, 
l2mo. ^1.50 

NYSTROM. — A  New  Treatise  on  Elements  of  Mechanics : 
Establishing  Strict  Precision  in  the  Meaning  of  Dynamical  Terms : 
accompanied  with  an  Appendix  on  Duodenal  Arithmetic  and  Me- 
trology.    By  John  W.  Nystrom,  C.  E.     Illustrated.     8vo.       $2.00 

NYSTROM. — On  Technological  Education  and  the  Construc- 
tion of  Ships  and  Screw  Propellers : 
For  Naval  and  Marine  Engineers.     By  John  W.  Nystrom,  late 
Acting  Chief  Engineer,  U.  S.  N.     Second  edition,  revised,  with  addi- 
tional matter.     Illustrated  by  seven  engravings.     i2mo.     .         ^1.50 

O'NEILL. — A  Dictionary  of  Dyeing  and  Calico  Printing: 
Containing  a  brief  account  of  ail  the  Substances  and  Processes  in 
use  in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics  ;  with  Practical 
Receipts  and  Scientific  Information.  By  Charles  O'Neill,  Analy- 
tical Chemist.  To  wfiich  is  added  an  Essay  on  Coal  Tar  Colors  and 
their  application  to  Dyeing  and  Calico  Printing.  By  A.  A.  Fesquet, 
Chemict  and  Engineer.  With  an  appendix  on  Dyeing  and  Calico 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867-  8vo. 
491  pages  .         .         , 1350 

ORTON . — Underground  Treasures  *. 
How  and  Where  to  Find  Them.  A  Key  for  the  Ready  Determination 
id  all  the  Useful  Minerals  within  the  United  States.  By  James 
OrTON,  A.m.,  Late  Professor  of  Natural  History  in  Vassar  College, 
N.  Y.;  Cor.  Mem.  of  the  Academy  of  Natural  Sciences,  Philadelphia, 
and  of  the  Lyceum  of  Natural  History,  New  York ;  author  of  the 
■*  Andes  and  the  Amazon,"  etc.  A  New  Edition,  with  Additions. 
lUosmited ,        I1.59 
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OSBORN.— The  Prospector's  Field  Book  and  Guide : 

In  the  Search  ibr  and  the  Easy  Determination  of  Ores  and  Other 
Useful  Minerals.  By  Prof,  H.  S.  OsBORN,  LL.  D.,  Author  of 
"The  Metallurgy  of  Iron  and  Steel;"  "A  Practical  Manual  of 
Minerals,  Mines,  and  Mining."  Illustrated  by  44  Engravings. 
i2mo ^1.50 

OSBORN^. — ^A  Practical  Manual  of  Minerals,  Mines  and  Min^ 
ing: 
Comprising  the  Physical  Properties,  Geologic  Positions,  Local  Occur- 
rence  and  Associations  of  the  Useful  Minerals;  their  Methods  of 
Chemical  Analysis  and  Assay :  together  with  Various  Systems  of 
Excavating  and  Timbering,  Brick  and  Masonry  Work,  during  Driv- 
ing, Lining,  Bracing  and  other  Operations,  etc.  By  Prof.  H.  S. 
OsBORN,  LL.  D.,  Author  of  the  "  Metallurgy  of  Iron  and  Steel." 
Illustrated  by  171  engravings  from  original  drawings.     8vo.      $^S^ 

O  VBRMAN.— Thu  Manufacture  of  Steel : 
Containing  the  Practice  and  Principles  of  Working  and  Making  Steel. 
A  Handbook  for  Blacksmiths  and  Workers  in  Steel  and  Iron,  Wagon 
Makers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  Hard- 
ware, of  Steel  and  Iron,  and  for  Men  of  Science  and  Art.  By 
Frederick  Overman,  Mining  Engineer,  Author  of  the  **  Manu- 
facture of  lion,"  etc.  A  new,  enlarged,  and  revised  Edition.  By 
A.  A.  Fesqu^t,  Chemist  and  Engineer.     i2mo.         .         .        $1.50 

OVERMAN.— The  Moulder's  and  Founder's  Pocket  Guide  : 
A  Treatise  on  Moulding  and  Founding  in  Green-sand,  Dry-sand,  Loam, 
and  Cement;  the  Moulding  of  Machine  Frames,  Mill-gear,  Hollow, 
ware,  Ornamerts,  Trinkets,  Bells,  and  Statues ;  Description  of  Moulds 
for  Iron,  Bronze,  Brass,  and  other  Metals ;  Plaster  of  Paris,  Sulphur, 
Wax,  etc. ;  the  Construction  of  Melting  Furnaces,  the  Melting  and 
Founding  of  Metals ;  the  Composition  of  Alloys  and  their  Nature, 
etc.,  etc.  By  Frederick  Overman,  M.  E.  A  new  Edition,  to 
which  is  added  a  Supplement  on  Statuary  and  Ornamental  Moulding, 
Ordnance,  Malleable  Iron  Castings,  etc.  By  A.  A.  Fesquet,  Chem- 
ise and  Engineer.     Illustrated  by  44  engravings.     i2mo.   .        ^2.00 

PAINTER,  GILDER,  AND  VARNISHER'S  COMPANION. 
Containing  Rules  and  Regulations  in  everything  relating  to  the  Aril 
of  Painting,  Gilding,  Varnishing,  Glass- Staining,  Graining,  Marbling, 
Sign- Writing,  Gilding  on  Glass,  and  Coach  Painting  and  Varnishing; 
Tests  for  the  Detection  of  Adulterations  in  Oils,  Colors,  etc. ;  and  a 
Statement  of  the  Diseases  to  which  Painters  are  peculiarly  liable,  with 
the  Simplest  and  Best  Remedies.  .  Sixteenth  Edition.  Revised,  with 
an  Appendix.  Containing  Colors  and  Coloring — Theoretical  and 
Practical.  Comprising  descriptions  of  a  great  variety  of  Additional 
Pigments,  their  Qualities  and  Uses,  to  which  are  added.  Dryers,  and 
Modes  and  Operations  of  Painting,  etc.  Together  with  Chevreul'f 
Principles  of  Harmony  and  Contrast  of  Colors.  i2mo.     Cloth     ^i.5<u 

iPALLETT.— The  Miller's,  MUlwright's.  and  Engineer's  Guide. 
By  Henry  Pallett.    Illustrated.     i2mo.       .        •       •        |2.o€ 
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PERCY. — The  Manufacture  of  Russian  Sheet-Iron. 

By  John  Percy,  M.  D.,  F.  R.  S.,  Lecturer  on  Metallurgy  at  the 
Royal  School  of  Mines,  and  to  The  Advance  Class  of  Artillerj 
Officers  at  the  Royal  Artillery  Institution,  Woolwich ;  Author  of 
"  Metallurgy."  With  Illustrations.     8vo.,  paper       .         ,         50  cts. 

PERKINS.— Gas  and  Ventilation  : 
Practical  Treatise  on  Gas  and  Ventilation.     With  Special  Relation 
to  Illuminating,  Heating,  and  Cooking  by  Gas.     Including  Scientific 
Helps  to  Engineer-students  and  others.     With  Illustrated  Diagrams, 
By  E.  E.  Perkins.     i2mo.,  cloth jPi.25 

PERKINS  AND  STOWE.— A  New  Guide  to  the  Sheet-iron 
and  Boiler  Plate  Roller : 
Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  and  Pile* 
to  Produce  Boiler  Plates,  and  of  the  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauge 
in  decimals ;  the  Weight  per  foot,  and  the  Thickness  on  the  Bar  or 
Wire  Gauge  of  the  fractional  parts  of  an  inch ;  the  Weight  per 
sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various 
dimensions  to  weigh  112  lbs.  per  bundle;  and  the  convei-sion  of 
Short  Weight  into  Long  Weight,  and  Long  Weight  into  Short. 
Estimated  and  collected  by  G.  H.  Perkins  and  J.  G.  Stowe.  $2.50 

roWELL— CHANCE— HARRISc— The   Principles  of  Glass 

Making. 

By  Harry  J.  Powell,  B.  A.  Together  with  Treatises  on  Crown  and 

Sheet  Glass;  by  Henry  Chance,  M.  A.    And  Plate  Glass,  by  H. 

G.  Harris,  Asso.  M.  Inst.  C.  E.    Illustrated  i8mo.  .        $1-$^ 

PROCTOR.— A  Pocket-Book  of  Useful  Tables  and  Formula 
for  Marine  Engineers : 
By   Frank   Proctor.     Second    Edition,   Revised   and   Enlarged. 
Full -bound  pocket-book  form    ......         $i'SO 

REGNAULT.— Elements  of  Chemistry : 
By  M.  V.  Regnault.  Translated  from  the  French  by  T.  Forrest 
Betton,  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth,  Melter 
and  Refiner  U.  S.  Mint,  and  William  L.  Faber,  Metallurgist  and 
Mining  Engineer.  Illustrated  by  nearly  700  wood-engravings.  Com- 
prising nearly  1,500  pages.     In  two  volumes,  8vo.,  cloth   ,         $7-$^ 

RICHARDS.— Aluminium : 
Its  History,  Occurrence,  Properties,   Metallurgy  and  Applications, 
including  its  Alloys.     By  Joseph  W.  Richards,  A.  C,  Chemist  and 
Practical  Metallurgist,  Member  of  the  Deutsche  Chemische  Gesell* 
schaft.     Illustrated i^S-OO 

RIFFAULT,  VERGNAUD,  and  TOUSSAINT.— A  Practical 
Treatise  on  the  Manufacture  of  Colors  for  Painting : 
Comprising  the  Origin,  Definition,  and  Classification  of  Colors;  the 
Treatment  of  the  Raw  Materials ;  the  best  Formulae  and  the  Newest 
Processes  for  the  Preparation  of  every  description  of  Pigment,  and 
the  Necessary  Apparatus  and  Directions  for  its  Use;  Dryers;  the 
Testing.  Application,  and  Qualities  of  Paints,  etc.,  etc.  By  MM. 
RiFFAULT,  VERGNAUD,  and  ToussAiKT.    Revised  and  Edited  by  M, 
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F.  Malepeyre.  Translated  from  the  French,  by  A.  A.  FesqUXT, 
Chemist  and  Engineer.  Illustrated  by  Eighty  engravings.  In  one 
vol.,  8vo.,  659  pa^es  , ^^5.00 

ROPER. — A  Catechism  of  High-Pressure,  or  Non-Condensing 
Steam -Engines : 
Including  the  Modelling,  Constructing,  and  Management  of  Steam* 
Engines  and  Steam  Boilers.     With  valuable  illustrations.     By  Ste- 
phen Roper,  Engineer.     Sixteenth  edition,  revised  and  enlarged. ' 
i8mo.,  tucks,  gilt  edge ]^2.00 

ROPER. — Engineer's  Handy-Book : 

Containing  a  full  Explanation  of  the  Steam-Engine  Indicator,  and  its 
Use  and  Advantages  to  Engineers  and  Steam  Users.  With  Formulae 
for  Estimating  the  Power  of  all  Classes  of  Steam-Engines;  also, 
Facts,  Figures,  Questions,  and  Tables  for  Engineers  who  wish  to 
qualify  Chemselves  for  the  United  States  Navy,  the  Revenue  Service, 
the  Mercantile  Marine,  or  to  take  charge  of  the  Better  Class  of  Sta- 
tionary Steam-Engines.  Sixth  edition.  i6mo.,  690  pagfes,  tucks, 
gilt  edge    ..........        l^3-5o 

ROPER. — Hand-Book  of  Land  and  Marine  Engines  : 

Including  the  Modelling,  Construction,  Running,  and  Management 
of  Lane'  and  Marine  Engines  and  Boilers.  With  illustrations.  By 
Stephen  Roper,  Engineer.    Sixth  edition.     i2mo.,t\xks,  gilt  edge. 

ROPER. — Hand-Book  of  the  Locomotive  : 

Including  the  Construction  of  Engines  and  Boilers,  and  the  Construc- 
tion, Management,  and  Running  of  Locomotives.  By  Stephen 
Roper.     Eleventh  edition.     i8mo.,  tucks,  gilt  edge  .        $2.$Q 

ROPER.— Hand-Book  of  Modem  Steam  Fi.'-e- Engines. 
With  illustrations.     By  Stephen  Roper,  Engineer.     Fourth  edition, 
i2mo.,  tucks,  gilt  edge fe.50 

ROPER. — Questions  and  Answers  for  Engineers. 

This  little  book  contains  all  the  Questions  that  Engineers  will  be 
asked  when  undergoing  an  Examination  for  the  purpose  of  procuring 
Licenses,  and  they  are  so  plain  that  any  Engineer  or  Fireman  of  or 
dinary  intelligence  may  commit  them  to  memory  in  a  short  time.     By 
Stephen  Roper,  Engineer.    Third  edition       .        .        .        $300 

ROPER.— Use  and  Abuse  of  the  Steam  Boiler. 
By  Stephen  Roper,  Engineer.     Eighth  edition,  with  illustrations. 
i8mo.,  tucks,  gilt  edge ^2.00 

ROSE.— The  Complete  Practical  Machinist : 

Embracing  Lathe  Work,  Vise  Work,  Drills  and  Drilling,  Taps  and 
Dies,  Hardening  and  Tempering,  the  Making  and  Use  of  ToolS| 
Tool  Grinding,  Marking  out  Work,  etc.  By  Joshua  Rose.  Illus- 
trated by  356  engravings.  Thirteenth  edition,  thoroughly  revised 
and  in  great  part  rewritten.     In  one  vol.,  i2mo.,  439  pages       ^2.50 

ROSE.— Mechanical  Drawing  Self-Taught: 

Comprising  Instructions  in  the  Selection  and  Preparation  of  Drawinfr 
Instrumenis.  Elementary  Instruction  in  Practical  Mechanical  DraAV' 
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ing»  together  with  Examples  in  Simple  Geometry  and  Elementary 
Mechanism,  including  Screw  Threads,  Gear  Wheels,  Mechanical 
Motions,  Engines  and  Boilers.  By  Joshua  Rose,  M.  E.  Illustrated 
by  330  engravings.     8 vo.,  313  pages         ....        |U-oo 

ROSE.— The  Slide- Valve  Practically  Explained: 

Embracing  simple  and  complete  Practical  Demonstrations  of  th.. 
operation  of  each  element  in  a  Slide-valve  Movement,  and  illustrat- 
ing the  effects  of  Variations  in  their  Proportions  by  examples  care, 
fully  selected  from  the  most  recent  and  successful  practice.  By 
Joshua  Rose,  M.  E.     Illustrated  by  35  engravings  .        ;j5i.oo 

ROSS. — The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology : 

Containing  all  Known  Methods  of  Anhydrous  Analysis,  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  LlEUT.- 
CoLONEL  W.  A.  Ross,  R.  A.,  F.  G.  S.  With  120  Illustrations. 
i2mo |t2.00 

SHAW.— Civil  Architecture : 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con- 
taining the  Fundamental  Principles  of  the  Art.  By  Edward  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc. 
By  Thomas  W.  Silloway  and  George  M.  Harding,  Architects. 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.     4to ^7*50 

8HUNK. — A  Practical  Treatise  on  Railway  Curves  and  Loca- 
tion, for  Young  Engineers. 
By  W.  F.  Shunk,  C.  E.     i2mo.    Full  bound  pocket-book  form  |2.00 

SLATER.— The  Manual  of  Colors  and  Dyt  Wares. 
By  J.  W.  Slater.     i2mo fe.oo 

SLOAN. — American  Houses : 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by 
26  colored  engravings,  with  descriptive  references.  By  Samuel 
Sloan,  Architect.     8yo. |5i-50 

SLOAN. — Homestead  Architecture : 

Containli:^  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
ELSays  on  Style,  Construction,  Landscape  Gardening,  Furniture,  etc., 
etc.  JUustrated  by  up»wards  of  200  engravings.  By  Samuel  Sloan, 
Architect.     8vo $3'S^ 

SLOAN  E. — Ho;r?e  Experiments  m  Science. 

By  T.  O'Conor  Slcane,  E.  M.,  A.  M.,  ?h.  D.  Illustrated  by  91 
engravings.     i2mo. ^1*50 

SMEATON.— Builder's  Pocket -Companion : 

Containing  the  Elements  of  Building,  Surveying,  and  Architecture ; 

with  Practical  Rules  and  Instructions  coiii^ected  with  the  subject. 

•    By  A.  C.  Smeaton,  Civil  Engineer,  etc.     i2mo.       .        .        I1.50 

SMITH.— A  Manual  of  Political  Economy. 
By  E.  Peshine  Smith.    A  New  Edition,  to  which  is  added  a  full 
Index.     i2mo. •        •        $l  2S 
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8MITH. — Parks  and  Pleasure- Grounds : 
Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens.     By  Charles   H.  J.  Smith,   Landscape  Gardener  and 
Garden  Architect,  etc.,  etc.     i2mo.  ....        j^2.oa 

SMITH.-— The  Dyer's  Instructor : 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton^ 
Wool,  and  Worsted,  and  Woolen  Goods;  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  an<^ 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  the! 
various  Mordants  and  Colors  for  the  different  styles  of  such  work.' 
By  David  Smith,  Pattern  Dyer.     i2mo.  .        .        .        $2.00 

SMYTH. — A  Rudimentary  Treatise  on  Coal  and  Coal- Mining. 
By  Warrington  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S, 
of  Cornwall.     Fifth  edition,  revised  and  corrected.     With  numer- 
ous illustrations.     i2mo.  .         .         .         .         .         .         $^»7^ 

SNIVELY. — Tables  for  Systematic  Qualitative  Chemical  AnaK 
ysis. 
By  John  H.  Snively,  Phr.  D.    8vo $1.00 

SNIVELY. — The  Elements  of  Systematic  Qualitative  cfiemica] 
Analysis : 
A  Hand-book  for  Beginners.    By  John  H.  Snively,  Phr.  D.    i6mo. 

^2.oa 

STOKES.— The  Cabinet- Maker  and  Upholsterer's  Companion: 

Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl- Work ;  the  Art  of  Dyeing  and  Stain- 
ing Wood,  Ivory,  Bone,  Tortoise-Shell,  etc.  Directions  for  Lacker- 
ing, Japanning,  and  Varnishing;  to  make  French  Polish,  Glues. 
Cements,  and  Compos'.a'-  ns ;  with  numerous  Receipts,  useful  to  work 
men  generally.  Bv  Stokes.  Illustrated.  A  New  Edition,  with 
an  Appendix  upor  «ench  Polishing,  Staining,  Imitating,  Varnishing, 
etc.,  etc.    i2mo         . ^1*25 

STRENGTH  AND  OTHER  PROPERTIES  OF  METALS; 

Reports  of  Experiments  on  the   Strength  and  other  Properties  of 
Metals  for  Cannon.     With  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.     By  Officers 
of  the  Ordnance  Department,  U.  S.  Army.     By  authority  of  the  Secrc- 
taryofWar.     Illustrated  by  25  large  steel  plates.    Quarto  .       ;$io.OQ 

SULLIVAN.— Protection  to  Native  Industry. 
By  Sir  Edward  Sullivan,  Baronet,  author  of  "  Ten  Chapters  on 
Social  Reforms."     8vo •        ^i.oo 

SULZ.— A  Treatise  on  Beverages : 
Or  the  Complete  Practical  Bottler.  Full  instructions  for  Laboratory 
Work,  with  Original  Practical  Recipes  for  all  kinds  of.  Carlx>nate^ 
Drinks,  Mineral  Waters,  Flavorings,  Extracts,  Syrups,  etc.  By 
Chas  Herman  Sulz,  Techhical  Cheniist  ana  Practica!  Bottler 
Illustrated  by  428  Engr&vixigis.     8k^  '^p.    ^vo        .        •        ^10.00 
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8YME. — ^Outlines  of  an  Industrial  Science. 
By  David  Syme.     i2mo.  .        .  ...        I2.00 

TABLES     SHOWING     THE     WEIGHT     OP     ROUND, 
SQUARE,  AND  FLAT  BAR  IRON,  STEEL,  ETC., 
By  Measurement.     Cloth -  63 

TAYLOR.— Statistics  of  Coal : 
Including  Mineral  Bituminous  Substances  employed  in  Arts  and 
Manufactures ;  with  their  Geographical,  Geological,  and  Commercial 
Distribution  and  Amount  of  Production  and  Consumption  on  the 
American  Continent.  With  Incidental  Statistics  of  the  Iron  Manu- 
facture. By  R.  C.  Taylor.  Second  edition,  revised  by  S.  S.  Haldb* 
MAN.  Illustrated  by  five  Maps  and  many  wood  engravings.  8vo., 
cloth $6.00 

TEMPLETON. — The  Practical  Examinator  on  Steam  and  the 

Steam -Engine: 

With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 

Engineers,  Students,  and  others.     By  William  Templeton,  En. 

gineer.     i2mo. $1.00 

THAUSINQ.— The  Theory  and  Practice  of  the  Preparation  of 
Malt  and  the  Fabrication  of  Beer  : 
With  especial  reference  to  the  Vienna  Process  of  Brewing.  Elab- 
orated from  personal  experience  by  Julius  E.  Thausing,  Professor 
at  the  School  for  Brewers,  and  at  the  Agricultural  Institute,  M5dling, 
near  Vienna.  Translated  from  the  German  by  WiLLiAM  T,  Brannt, 
Thoroughly  and  elaborately  edited,  with  much  American  matter,  and 
according  to  the  latest  and  most  Scientific  Practice,  by  A.  Schwarz 
and  Dr.  A.  H.  Bauer.  Illustrated  by  140  Engravings.  8vo.,  815 
pages $10.00 

THOMAS.— The  Modem  Practice  of  Photography: 
By  R.  W.  Thomas,  F.  C.  S.    8vo.  ....  25 

THOMPSON.— Political  Economy.     With  Especial  Reference 
to  the  Industrial  History  of  Nations  : 
By  Robert  E.  Thompson,  M.  A.,  Professor  of  Social  Science  in  the 
University  of  Pennsylvania.     l2mo.  .         .         .        .        $l-S^ 

THOMSON.— Freight  Charges  Calculator: 
By  Andrew  Thomson,  Freight  Agent.    24mo.        .        •       ^1.25 

TURNER'S  (THE)  COMPANION: 

Containing  Instructions  in  Concentric,  Elliptic,  and  Elccentric  Turn« 
hig;  also  various  Plates  of  Chucks/ Tools,  and  Instruments;  and 
Directions  for  using  the  Eccentric  Cutter,  Drill,  Vertical  Cutter,  and 
Circular  Rest;  with  Patterns  and  Instructions  for  working  them. 
i2mo I1.25 

TURNING :  Specimens  of  Fancy  Turning  Executed  on  the 

Hand  or  Foot- Lathe :  \ 

With  Geometric,  Oval,  and  Eccentric  Chucks,  and  Elliptical  Cutting 

Frame.     By  an  Amateur.     Illustrated  by  30  exquisite  Photographs. 

4to I3.00 
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VAILB. — Galvanized- Iron  Cornice-Worker's  Manual : 
Containing  Instructions  in  Laying  out  the  Different  Mitres,  and 
Making  Patterns  for  all  kinds  of  Plain  and  Circular  Work.  Also, 
Tables  of  Weights,  Areas  and  Circumferences  of  Circles,  and  other 
Matter  calculated  to  Benefit  the  Trade.  By  Charles  A.  Vaile. 
Illustrated  by  twenty-one  plates.    4to.    .     .         .         .         .         $5 .00 

VILLE. — On  Artificial  Manures : 

Their  Chemical  Selection  and  Scientific  Application  to  Agriculture. 
A  series  of  Lectures  given  at  the  Experimental  Farm  at  Vincennes, 
during  1 867  and  1874-75.  By  M.  Georges  Ville.  Translated  and 
Edited  by  William  Crookes,  F.  R.  S.  Illustrated  by  thirty-one 
engravings.    8vo.,  450  pages ^6.00 

VILLE. — The  School  of  Chemical  Manures  : 
Or,  Elementary -Principles  in  the  Use  of  Fertilizing  Agents.     From 
the  French  of  M.  Geo.  Ville,  by  A.  A.  Fesquet,  Chemist  and  En- 
gineer.     With  Illustrations.     i2mo.  .         .         •        .         1 1.25 

VOQDES. — The  Architect's  and  Builder's  Pocket- Companioo 
and  Price-Book : 

Consisting  of  a  Shoit  but  Comprehensive  Epitome  of  Decimals,  Duo- 
decimals.  Geometry  and  Mensuration ;  with  Tables  of  United  States 
Measures,  Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone, 
3rick,  Cement  and  Concretes,  Quantities  of  Materials  in  given  Sizes 
and  Dimensions  of  Wood,  Brick  and  Stone;  and  full  and  complete 
Bills  of  Prices  for  Carpenter's  Work  and  Painting ;  also,  Rules  for 
Computing  and  Valuing  Brick  and  Brick  Work,-  Stone  Work,  Paint- 
ing, Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc.  By 
Frank  W.  Vogdes,  Architect,  Indianapolis,  Ind.  Enlarged,  revised, 
and  corrected.     In  one  volume,  368  pages,  full-bound,  pocket-book 

form,  gilt  edges .         ,         I2.00 

Cloth        ••  «••••••  1.50 

VAN  CLEVE.— The  English  and  American  Mechanic : 
Comprising  a  Collection  of  Over  Three  Thousand  Receipts,  Rules, 
and  Tables,  designed  for  the  Use  of  every  Mechanic  and  Manufac- 
turer. By  B.  Frank  Van  Cleve.  Illustrated.   500  pp.  i2mo.  |2.oo 

WAHNSCHAFFE.— A  Guide  to  the  Scientific  Examination 
of  Soils  : 
Comprising  Select  Methods  of  Mechanical  and  Chemical  Analysin 
and  Physical  Investigation.  Translated  from  the  German  of  Dr.  F» 
Wahnschaffe.  With  additions  by  William  T.  Brannt.  Illus- 
trated by  25  engravings.     i2mo.     177  pages    •         •        .        Iil.50 

WALL. — Practical  Graining : 

With  Descriptions  of  Colors  Employed  and  Tools  Used.  Illustrated 
by  47  Colored  Plates,  Representing  the  Various  Woods  Used  'c 
Interior  Finishing.     By  William  E.  Wall.    8vo.  .        ^^2.50 

WALTOK.— Coal-Mining  Described  and  Illustrated: 
By  Thomas  H.  Walton,  Mining  Engineer.     Illustrated  by  24  ?afge 
and  elaborate  Plates,  after  Actual  Workings  and  Apparatus.    'i|^5«oo 
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^AR£.— The  Sugar  Beet. 
Including  a  History  of  the  Beet  Sugar  Industry  in  Europe,  Varietiei 
of  the  Sugar  Beet,  Examination,  Soils,  Tillage,  Seeds  and  Sowing 
Yield  and  Cost  of  Cultivation,  Harvesting,  Transportation,  Conserva- 
tion, Feeding  Qualities  of  the  Beet  and  of  the  Pulp,  etc.  By  Lewii 
S.  Ware,  C.  £.,  M.  £.     Illustrated  by  ninety  engravings.     8vo. 

WARN.— The  Sheet-Metal  Worker's  Instructor: 

For  Zinc,  Sheet- Iron,  Copper,  and  Tin-Plate  Workers,  etc.  Contain- 
ing  a  selection  of  Geometrical  Problems ;  also,  Practical  and  Simple 
Rules  for  Describing  the  various  Patterns  required  in  the  different 
branches  of  the  above  Trades.  By  Reuben  H.  Warn,  Practical 
Tin- Plate  Worker.  To  which  is  added  an  Appendix,  containing 
Instructions  for  Boiler-Making,  Mensuration  of  Surfaces  and  Solids, 
Rules  for  Calculating  the  Weights  of  different  Figures  of  Iron  and 
Steel,  Tables  of  the  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirty, 
two  Plates  and  thirty-seven  Wood  Engravings.     8vo.         .         ^3.oc 

WARNER. — New  Theorems,  Tables,  and  Diagrams,  for  tho 
Computation  of  Earth-work : 

Designed  for  the  use  of  Engineers  in  Preliminary  and  Final  Estimates 
of  Students  in  Engineering,  and  of  Contractors  and  other  non-profes. 
sional  Computers.  In  two  parts,  with  an  Appendix.  Part  I.  A  Prac- 
tical Treatise;  Part  II.  A  Theoretical  Treatise,  and  the  Appendix* 
Containing  Notes  to  the  Rules  and  Examples  of  Part  I.;  Explana- 
tions of  the  Construction  of  Scales,  Tables,  and  Diagrams,  and  9 
Treatise  upon  Equivalent  Square  Bases  and  Equivalent  Level  Heights. 
The  whole  illustrated  by  numerous  original  engravings,  comprising 
explanatory  cuts  for  Definitions  and  Problems,  Stereometric  Scales 
and  Diagrams,  and  a  series  of  Lithographic  Drawings  from  Models  ( 
Showing  all  the  Combinations  of  Solid  Forms  which  occur  in  Railroad 
Excavations  and  Embankments.  By  John  Warner,  A.  M.,  Mining 
and  Mechanical  Engineer.  Illustrated  by  14  Plates.  A  new,  revised 
and  improved  edition.     8vo $4-00 

WATSON.— A  Manual  of  the  Hand-Lathe  : 

Comprising  Concise  Directions  for  Working  Metals  of  all  kinds, 
ivory.  Bone  and  Precious  Woods;  Dyeing,  Coloring,  and  French 
Polishing;  Inlaying  by  Veneers,  and  various  methods  practised  to 
produce  Elaborate  work  with  Dispatch,  and  at  Small  Expense.  By 
Egbert  P.  Watson,  Author  of  "  The  Modern  Practice  of  American 
Machinists  and  Engineers.'*     Illustrated  by  78  engravings.         ^1.50 

WATSON. — The  Modem  Practice  of  American  Machinists  and 
Engineers 

Including  the  Construction,  Application,  and  Use  of  Drills,  Lathe 
Tools,  Cutters  for  Boring  Cylinders,  and  Hollow-work  generally ,  with 
the  most  Economical  Speed  for  the  same ;  the  Results  verified  by 
Actual  Practice  at  the  Lathe,  the  Vise,  and  on  the  Floor.     Togethei 
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with  Work^top  Management,  Economy  of  Manufacture,  the  Steam 
Engine,  Boilers,  Gears,  Belting,  etc.,  etc.  By  Egbert  P.  Watson. 
Illustrated  by  eighty-six  engravings.  i2mo.  .  .  .  $2.^0 
WATSON.— The  Theory  and  Practice  of  the  Art  of  Weaving 
by  Hand  and  Power  • 
With  Calculations  and  Tables  for  the  Use  of  those  connected  with  the 
Trade.  By  John  Watson,  Manufacturer  and  Practical  Machine* 
Maker.  Illustrated  by  lai^e  Drawings- of  the  best  Power  Looms. 
8vo.  .        .        .        • ;(i6.oo 

WATT.— The  Art  of  Soap  Making : 

A  Practical  Hand-book  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Toilet  Soaps,  etc.,  including  many  New  Processes,  and  a  Chapter  on 
the  Recovery  of  Glycerine  from  Waste  Leys.  By  Alexander 
Watt.    111.     i2mo. ^3-oo 

•^EATHERLY.— Treatise  on  the  Art  of  Boiling  Sugar,  Cry8« 
tailizing,  Lozenge-making,  Comfits,  Gum  Goods, 
And  other  processes  for  Confectionery,  etc.,  in  which  are  explaintd. 
in  an  easy  and  familiar  manner,  the  various  Methods  of  Manufacture 
ing  every  Description  of  Raw  and  Refined  Sugar  Goods,  as  sold  by 
Confectioners  and  others.     i2mo |i*5<i 

WIGHTWICK.— Hints  to  Young  Architects : 
Comprismg  Advice  to  those  who,  while  yet  at  school,  are  destined 
to  the  Profession;  to  such  as,  having  passed  their  pupilage,  are  about 
to  travel ;  and  to  those  who,  having  completed  their  education,  are 
about  to  practise.  Together  with  a  Model  Specification  involving  a 
great  variety  of  instructive  and  suggestive  matter.  By  Georgb 
WiGHTWiCK,  Architect.  A  new  edition,  revised  and  considerably 
mlarged;  comprising  Treatises  on  the  Principles  of  Constructioo 
«nd  Design.  By  G.  Huskisson  Guillaume,  Architect.  Numerous 
XUostrations.    One  vol.  i2mo ]^2.00 

W  ILL. — Tables  of  Qualitative  Chemical  Analysis. 

With  an  Introductory  Chapter  on  the  Course  of  Analysis.  By  Pro 
fessor  IIeinrich  Will,  of  Giessen,  Germany.  Third  American, 
from  the  eleventh  German  edition.  Edited  by  Charles  F.  Himes. 
Ph.  D.,  Professor  of  Natural  Science,  Dickinson  College,  Carlisle,  Pa 
8vo.  .         .         • $1.50 

WILLIAMS.— On  Heat  and  Steam : 

Embracing  New  Views  of  Vaporization,  Condensation,  and  Exp]'^, 
sion.     By  Charles  Wye  Williams,  A.  I.  C.  E.     Illustrated  8vo. 

$2.50 

WILSON.— A  Treatise. on  Steam  Boilers  : 
Their  Strength,  Construction,  and  Economical  Working.    By  RoberI 
Wilson.     Illustrated  i2mo.      ,        .        •    .    -         .         »        $2ao 

Vi  ILSON.— First  Principles  of  Political  Economy : 
With  Reference  to  Statesmanship  and  the  Progress  of  Civilization. 
By  Professor  W.  D.  Wilson,  of  the  Cornell  University.     A  new  and 
revised  ediHon,    i2mo.       .         .         .         .         ,         ,         ,         $i-S^ 
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WOHLER. — A  Hand-Book  of  Mineral  Analysis  : 

By  F.  WoHLER,  Professor  of  Chemistry  in  the  University  of  Gottin- 
gen.  Edited  by  Henry  B.  Nason,  Professor  of  Chemistry  in  the 
Renssalaer  Polytechnic  Institute,  Troy,  New  York.  Illustrated. 
i2mo $2.50 

WORSSAM.— On  Mechanical  Saws : 

From  the  Transactions  of  the  Society  of  Engineers,  1869.  By  S.  W. 
WoRSSAM,  Jr.     Illustrated  by  eighteen  large  plates.    8vo.         52.50 


RECENT   ADDITIONS. 

BRANNT. — ^Varnishes,  Lacquers,  Printing  Inks  and  Sealing- 
Waxes : 

Their  Raw  Materials  and  their  Manufacture,  to  which  is  added  the 
Art  of  Varnishing  and  Lacquering,  including  the  Preparation  of  Put- 
ties and  of  Stains  for  Wood,  Ivory,  Bone,  Horn,  and  Leather.  By 
William  T.  Brannt.  Illustrated  by  39  Engravings,  338  pages. 
i2mo.      ..........         $3.00 

BRANNT — The  Practical  Scourer  and  Garment  Dyer: 

Comprising  Dry  or  Chemical  Cleaning ;  the  Art  of  Removing  Stains ; 
Fine  Washing ;  Bleaching  and  Dyeing  of  Straw  Hnts,  Gloves,  and 
Feathers  of  all  kinds;  Dyeing  of  Worn  Clothes  of  all  fabrics,  in- 
cluding Mixed  Goods,  by  One  Dip;  and  the  Manufacture  of  Soaps 
and  Fluids  for  Cleansing  Purposes.  Edited  by  William  T.  Brannt, 
Editor  of  "The  Techno-Chemical  Receipt  Book."  Illustrated. 
203  pages.     i2mo. $2.00 

BRANNT.— Petroleum . 

Its  History,  Origin,  Occurrence,  Production,  Physical  and  Chemical 
Constitution,  Technology,  Examination  and  Uses;  Together  with 
the  Occurrenee  and  Uses  of  Natural  Gas.  Edited  chiefly  from  the 
German  of  Prof.  Hans  Hoefer  and  Dr.  Alexander  Veith,  by  Wm. 
T.  Brannt.  Illustrated  by  3  Plates  and  284  Engravings.  743  pp. 
8vo.  $7.50 

BRANNT. — ^A  Practical  Treatise  on  the  Manufacture  of  Vine- 
gar and  Acetates,  Cider,  and  Fruit- Wines : 

Preservation  of  Fruits  and  Vegetables  by  Canning  and  Evaporation ; 
Preparation  of  Fruit-Butters,  Jellies,  Marmalades,  Catchups,  Pickles, 
Mustards,  etc.  Edited  from  various  sources.  By  William  T. 
Brannt.     Illustrated  by  79  Engravings.     479  pp.     8vo.         $5.00 

BRANNT.— The  Metal  Worker's    Handy-Book   of  Receipts 
and  Processes: 

Being  a  Collection  of  Chemical  Formulas  and  Practical  Manipula- 
tions for  the  working  of  all  Metals;  including  the  Decoration  and 
Beautifying  of  Articles  Manufactured  therefrom,  as  well  as  their 
Preservation.     Edited    from    various    sources.     By    WiLLlAM    T. 

Brannt.    Illustrated,    lamo.  ^2,50 
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DEITE. — A  Practical  Treatise  on  the  Manufacture  cf  Fer« 
fiimery : 
Comprising  directions  for  making  all  kinds  of  Perfumes,  Sachet 
Powders,  Fumigating  Materials,  Dentifrices,  Cosmetics,  etc.,  with  a 
full  account  of  the  Volatile  Oils,  Balsams,  Resins,  and  other  Natural 
and  Artificial  Perfume-substances,  including  the  Manufacture  of 
Fruit  Ethers,  and  tests  of  their  purity.  By  Dr.  C.  Deite,  ass^isted 
by  L.  BoRCHERT,  F.  Eichbaum,  E.  Kugler,  H.  Toeffner.  and 
other  experts.  From  the  German,  by  Wm.  T.  Brannt.  28  Engrav- 
ings.   358  pages.    8vo. $S'^^ 

SDWARDS. — American   Marine  Engineer,   Theoretical  and 
Practical : 
Witli  Examples  of  the  latest  and  most  approved  American  Practice. 
By  Emory  Edwards.    85  illustrations.     i2mo.      .        .        ^2.50 

EDWARDS. — goo    Examination  Questions  and  Answers: 
For  Engineers  and  Firemen  (Land  and  Marine)  who  desire  to  ob- 
tain a  United  States  Government  or  State  License.     Pocket-book 
form,  gilt  edge $1-$^ 

POSSELT. — Technology  of  Textile  Design : 

Being  a  Practical  Treatise  on  the  Construction  and  Application  of 
Weaves  for  all  Textile  Fabrics,  with  minute  reference  to  the  latest 
Inventions  for  Weaving.  Containing 'also  an  Appendix,  showing 
the  Analysis  and  giving  the  Calculations  necessary  for  the  Manufac* 
ture  of  the  various  Textile  Fabrics.  By  £.  A.  PossELT,  Head 
Master  Textile  Department,  Pennsylvania  Museum  and  School  of 
Industrial  Art,  Philadelphia,  with  over  1000  illustrations.  29a 
pages.     4to ^5*oo 

POSSELT.— The  Jacquard  Machine  Analysed  and  Explained : 

With  an  Appendix  on  the  Preparation  of  Jacquard  Cards,  and 
Practical  Hints  to  Learners  of  Jacquard  Designing.  By  E.  A. 
PossELT.  With  230  illustrations  and  numerous  diagrams.  127  pp. 
4to.  .        . ,      .         . ^3-oo 

POSSELT.— The  Structure  of  Fibres,  Yarns  and  Fabrics: 

Being  a  Practical  Treatise  for  the  Use  of  all  Persons  Employed  in 
the  Manufacture  of  Textile  Fabrics,  containing  a  Description  of  the 
Growth  and  Manipulation  of  Cotton,  Wool.  Worsted,  Silk  Flax, 
Jute,  Ramie,  China  Grass  and  Hemp,  and  Dealing  with  all  Manu- 
facturers' Calculations  for  Every  Class  of  Material,  also  Giving 
Minute  Details  for  the  Structure  of  all  kinds  of  Textile  Fabrics,  and 
an  Appendix  of  Arithmetic,  specially  adapted  for  Textile  Purposes. 
By  E.  A.  PossELT.  Over  400  Illustrations,  quarto.  .  |{  10.00 
RICH.— Artistic  Horse-Shoeing: 

A  Practical  and  Scientific  Treatise,  giving  Improved  Methods  of 
Shoeing,  with  Special  Directions  for  Shaping  Shoes  to  Cure  Different 
Diseases  of  the  Foot,  and  for  the  Correction  of  Faulty  Action  in 
Trotters.  By  George  E.  Rich.  62  Illustrations.  153  pages, 
"mo ^iQ^ 
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RICH ARDSON.— Practical  Blacksmithing : 

A  Collection  of  Articles  Contributed  at  Different  Times  by  Skilled 
Workmen  to  the  columns  of  "  The  Blacksmith  and  Wheelwriaht  " 
and  Covering  nearly  the  Whole  Range  of  Blacksmitlung,  from  the 
Simplest  Job  of  Work  to  some  of  the  Most  Complex  Forgings. 
Compiled  and  Edited  by  M.  T.  Richardson. 

Vol.1  2IO  Illustrations.  224  pages.  i2mo.  .  .  ;^i.oo 
Vo.  II  230  Illustrations.  262  pages.  i2mo.  .  .  $1.00 
VO:III.  390  Illustrations.  307  pages.  i2mo.  .  .  j$,.oo 
Vol.  IV.     226  Illustrations.     276  pages.     i2mo.      ,         .         <i  00 

RICHARDSON.— The  Practical  Horseshocr: 
Being  a  Collection  of  Articles  on  Horseshoeing  in  all  its  Branchei 
which  have  appeared  from  time  to  time  in  the  columns  of  "  1  he 
Blacksmith  and  Wheelwright,"  etc.     Compiled  and  edited  by  M.  T, 
Richardson.     174  illustrations aJi.oo 

ROPER.— Instructions    and   Suggestions   for   Engineers  and 
Firemen  : 

By  Stephen  Roper,  Engineer.     i8mo.     Morocco        .        j(j2.oo 
ROPER.— The  Steam  Boiler:  Its  Care  and  Management: 

By  Stephen  Roper,  Engineer.  i2mo.,  tuck,  gilt  edges.  j(j2.oo 
ROPER.— The  Young  Engineer's  Own  Book: 
Containing  an  Explanation  of  ]he  Principle  and  Theories  on  which 
the  Steam  Engine  as  a  Prime  Mover  is  Based.  By  Stephen  Ropek, 
Engineer.  160  illustrations,  363  pages.  i8mo.,  tuck  .  $^.OQ 
ROSE.— Modern  Steam- Engines: 
An  Elementary  Treatise  upon  the  Steam-Engine,  written  in  Plain 
language ;  for  Use  in  the  Workshop  as  well  as  in  the  Drawing  Office. 
Giving  Full  Explanations  of  the  Construction  of  Modern  Steairw 
Engines :  Including  Diagrams  showing  their  Actual  operation.  To- 
gether  with  Complete  but  Simple  Explanations  of  the  operations  of 
Various  Kinds  of  Valves,  Valve  Motions,  and  Link  Motions,  etc., 
thereby  Enabling  the  Ordinary  Engineer  to  clearly  Understand  the 
Principles  Involved  in  their  Construction  and  Use,  and  to  Plot  out 
their  Movements  upon  the  Drawing  Board.  By  Joshua  Rose.  M.  E. 
Illustrated  by  422  engravings.     Revised.  358  pp.      .        .        ^6.00 

ROSE.— Steam  Boilers: 

A  Practical  Treatise  on  Boiler  Construction  and  Examination,  for  the 
Use  of  Practical  Boiler  Makers,  Boiler  Users,  and  Inspectors;  and 
embracing  in  plain  figures  all  the  calculations  necessary  in  Designing 
or  Classifying  Steam  Boilers.  By  Joshua  Rose,  M.  E.  Illustrated 
by  73  engravings.     250  pages.     8vo $2,150 

6CHRIBER.— The  Complete  Carriage  and  Wagon  Painter : 

A  Concise  Compendium  of  the  Art  of  Painting  Carriages,  Wagons, 
and  Sleighs,  embracing  Full  Directions  in  all  the  Various  Branches, 
including  Lettering,  Scrolling,  Ornamenting,  Striping,  Varnishing, 
and  Coloring,  with  numerous  Recipes  for  Mixing  Colore.  73  Illus- 
trations.    177  pp.     i2mo jPi.oo 


